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ADVERTISEMENT. 

Thb method of teaching Arithmetic from first principles, as given by 
the Author in his little book on this subject, having been almost nni- 
Yersally adopted by the elementary schools of this country, it is believed, 
that a systematic work, after this method, on the higher rules and 
operations of Arithmetic, would be acceptable to all really interested in 
education. In the minutes of the Committee of Council on Eklucation 
for 1856-7, the Rev. Canon Moseley observes, — "Of the numerous 
works on education published by Mr. Tate, there are two the influence 
of which on elementary teaching has been remarkable. The one is his 
Arithmetic, in which he first, of all the authors who have attempted it 
in England, succeeded in making Arithmetic the ' Logic of the People * 
by giving for the rules of Arithmetic such recuoru as it was possible to 
teach to poor children; and the other is his 'Exercises in Mechanics/ 
in which he first taught, under a popular form, how by the common 
rules of arithmetic, and by geometrical construction with the scale and 
compasses, calculations in mechanics of great practical value may be 
made by persons who have no knowledge of mathematics.'* 
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1. Dbpinitiona and Explanations of Terms and Operations. 

1. Addition is the reverse operation of sabtractioo ; thus 5 + ^ "^ 3i 
and 8 — 3 = 6. 

2. We multiply a number when we repeat it a certain number of 
times; thus 6 multiplied by 3 = 6 X 3— 64-5 + 5= 16. The 
fnultiplier oi a quantity indicates how many times that quantity is taken ; 
thus 14 X 3 ss 3 times 14 a* 42. Here 14 is called the mttliiplicaTui, hnd 
42 the product. Multiplication is a compendious mode of addition. 

3. To divide one quantity by another is to find how many times the 
one is contained in, or can be taken out of, the other. Thus 15 -H 3 
s= 6, means that we have to find the number of times that 3 are con- 
tained in 15, or the number of times that 3 must be repeated to make 
15. Division, therefore, is the reverse operation of multiplication ; thus 
6 X 3 ^ 15, and conversely 15 -J- 3 =ss 5. The number to be divided is 
called the dividend, the number by which it is to be divided is called the 
divisor t and the result is called the qtioiient ; thus in the foregoing 
example, 15 is the dividend, 3 the divisor, and 5 the quotient. Division 
may also be regarded as a compendious mode of subtraction; thus 15 
-7- 3 also means the number of times that 3 can be taken away from 15. 
As we shall afterwards see, 15 -r- 3 may be written ^. 

4. The quotient multiplied by the divisor is equal to the dividend; 
thus as 5 X 3 = 15, so therefore 15 -f- 3 := 5. Division is an indirect 
operation, for it consists in finding by trial what number multiplied by 
the divisor will produce the dividend. 

5. If a quantity be divided into any given number of equal parts, one 
of them is said to be a certain part, or fractional part, of the whole 
quantity. Thus if the quantity be divided into 5 equal parts, one of 
them is the fifth, or ^, of the quantity; two of them are twice the fifth, 
or |, of the quantity ; and so on. For example, three times the fifth 
of 20, or § of 20 = 3 times 4 = 12. 

6. When one quantity exactly contains another, the latter is said to 

B 



2 DBFINITIONS AND EXPLANATIONS. 

be an aliquot part of the former. Thus 4d. is an aliquot part of Is., for 
4d. is \ of I2d. ; 5s. is an aliquot part of J6l, for 5s. is ^ of 20s. ; and so on. 
When numbers are used in reference to things, such as shillings, or 
ounces, or feet, they are called concrete numbers ; but when the figures, 
3, 5, 7, &c., are employed, without any such reference, they are called 
abstract numbers. Concrete numbers of the same name or kind of 
units may be treated as abstract numbers. 

7. Two quantities may be compared by finding their difference or how 
much the one exceeds the other, or by finding their ratio or how manjf 
times the one is greater or less than the other. Thus taking the 
quantities 12 and 4; we find their diffierence to be 8; but their ratio Is 
expressed by saying that the former is 3 times the latter. The ratio of 12 
to 9 is expressed by 12 : 9, or by 12 -f- 9 ; and in this case, ]2 are 4 
times the 3rd of 9, or 12 ==« J of 9. The ratio of ^l to 4s. is expressed 
by ^1 : 4s., or by ^1 -f- 4s.; and in this case, ^1 is 5 times 4s., or 
£i s— 43. X 5. The ratio of 4s. to £\ i expressed by 48. : 208., or 
by 4s. -T' 208., and then 4s. are the fifth oi 20s., or 4s. <= J of 20s. For 

a full elucidation of the fundamental principles of ratios, the student 
may consult the Author's System of Mental Arithmetic. 

8. If unity, or any thing representing unity, be divided into equal 
parts, those parts are called fractions. Thus if an apple be divided into 
four equal parts; one of them is called one-fourth, or }^; two of them 
are called two-fourths, or |; three of them three-fours, or }; and so on. 
In the fraction |, the S is called the numerator, and the 4 the denO^ 
minator. 

fl. Fundamental Axioms. 

1. Quantities that are eqaal to the same thing are equal to one, 
another. If equals be added to equals, the sums are equal. If equals 
be taken from equals, the reinainders are equal. If equals be multiplied 
or divided by the same number, the results are equal. 

2. We may add or subtract quantities in any order; thus 8^-5 — 3 
= 6 — 3 + 8. 

3. Numbers may be multiplied in any order ; thus 4X3^3X4. 
This is graphically shown by the annexed arrangement of 

dots. The whole number is made up of 4 dots taken 3 times, 
and at the same time of 3 dots taken 4 times; therefore, 3 
times 4 = 4 times 3. 

It is obvious that proofs of this kind are not restricted to the par- 
ticular number or arrangement of the dots employed ; so that a proposi- 
tion, having been proved for one case, will hold true for all other cases. 

4. The division of any quantity by a number is the same as taking a 
certain part of that quantity indicated by the units of the divisor. 

Thus 12 -f- 4 is the same as the 4th of 12. The foregoing arrange- 
ment of dots showp, that the number of dots in one vertical row is the 
number of times that 4 dots are contained in the whole ; and also that 
the number of dots in one vertical row is the 4th of the whole. 

Agnin, any quantity divided by 7, ie the same as the 7th of that 
quantity; for, in matter of fact, both operations consist in finding a 
number which multiplied by 7 shall produce the quantity. For example^ 
the two expressions, 2s. 6d. -^ 6, and the 6th of 2rt. 6d., lead to the 
si^me operation, viz., the finding of a sum of money which multiplied by 
5 shall giv($ 28. 6d. 
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5. Narobers may be multiplied or divided in any order. That to cal- 

1 . 8X3 
calate — -— , we have 
4 

Multiplying first, ^~~- =. y « 6; Dividing first, ?-~? — 2 X 3 =- 6. 

This arrangement of dots shows, that the 4th of •• •• •• •• 

3 tiroes 8 dots as the number in one group, and •• •• •• •• 

also that 3 times the 4tb of 8 »■ the number in •• •• •• •• 

one g^oup; therefore, the 4th of 3 times 8 s* 3 times the 4th of 8. 

In order to give another proof of this important principle, let it be 
tcquired to find the cost of 3 articles, when the cost of 4 articles is 8s. 

First, Cost 4 » 8s. 

„ 12 ss 3 times 8s. » 248. 
.*. „ 3 » } of 24s. ss. 6s. 

where the process consists in multiplying 88. by 3, and then dividing the 
result by 4. 

Second, Cost 4 ^ 8s. 

„ 1 = J of 8s. «■ 2s. 

„ 3 as 3 times 28. s* 6s. 

where the process consists in dividing 8s. by 4, and then multiplying the 
result by 3. But both processes lead to the same result, that is, they 
give the value of the same thing, viz., the cost of 3 articles. 

It follows from this axiom, that when the product of two quantities is 
to be divided by any number, we divide one of the factors; thus (3 X 8) 
-T- 4 -. 3 X 2. 

6. We may multiply one number by another, by successively multi- 
plying by the factors of the multiplier. 

Thus since 8 are 4 times 2, we may find the product of 3 by 8, by 
first multiplying 3 by 2, and then multiplying this product by 4; that is, 
3x8^3X2x4. As shown in the arrangement of 24 dots in the 
foregoing diagram . 

As a further illustration of this principle, let it be required to find the 
cost of 12 yards of cloth at 3s. 2d. each yard. 
First, Cost 1 — 3s. 2d. 

.*. „ 12 -» 12 times 3s. 2d. » £l 188* 
where we multiply 38. 2d. by 12. 

Second Cost 1 -^ 3s. 2d. 

„ 3 OB 3 times 38. 2d. =» Ss. 6di 
.-. „ 12 » 4 times 9s. 6d. ^ £i 18s. 
where we multiply 3s. 2d. successively by 3 and 4, the factors of 12. 

It follows from this axiom, that when the product of two quantities is 
to be multiplied by any number, we multiply this number into one of the 
factors; thus (3 X 2) X 4 » 3 X 8. 

Whereas, in the case, (3 -j- 2) X 4 = 3 X 4 -f 2 X 4, we multiply 
all the numbers within the vinculum by the multiplier. As shown in 
the following axiom. 

7. Any quantity taken a certain number of times is the same as the 
parts of that quantity taken the same number of times. Thus 6X3 
— (4 + 2) X 3 « 4 X 3 + 2 X 3. 

The succeeding arrangement of dots shows, that 6 times 3 dots make 
up the same number as 4 times 3 dots added to 2 times 3 dots. 

b2 



4 FUNDAMENTAL AXIOMS. 

Thus we double a thing when we double all the parts of it ; we treble 
a thing when we treble all the parts of it ; and so on. 

8. If a quantity be broken up into parts, then the whole quantity will 
contain the divisor as often as it is contained in the parts ; thus 

18 - 12 4- 6, then ^ ^ 'i + j. 

This arrangement of dots shows, that the 3rd of the • • • • • • 

18 dots = the nun^er in one horizontal roWj and also • • • • • • 

that the 3rd of 12 dots added to the 3rd of 6 dots =^ the • • • • • • 

number in one horizontal row; therefore the 3rd of 18 dots = the 3rd of 
12 dots + the 3rd of 6 dots. 

Thus we take the half of a quantity when we take the half of all the 
parts composing it ; we take the third of a quantity when we take the 
third of all the parts composing it; and so on. 

In like manner, \f = — = ^* — j. 

o 

It follows from this axiom, that when the sum or difference of two 

quantities is to be divided by any number, we divide both quantities by 

the divisor; thus —^ — =4+2. Whereas by Ax. 6, ^ — 

•J o 

= 4X6. 

9. We may divide one number by another, by successively dividing 

by the factors of the divisor. Thus the 8th of 24 may be found by suc- 

24 

cessively dividing 24 by 4 and 2, or ^ *= sas J = 3. 

4X2 

This arrangement of dots (See Diagram Ax. 5) shows, that the 8th of 
the 24 dots ■= the number in a vertical row, also that the 4th of the 24 
dots is the number in one group, and that the half of this number =» the 
number in a vertical row. 

As a further illustration of this principle, let it be required to find the 
cost of one article when the cost of 8 articles is 24s. • 

First, Cost 8 = 248. 

•'• » 1 = J of 24s. as 3s. 

where the cost of 1 article is found by dividing 24s. by 8. 

Second, Cost 8 = 24s. 

/, „ 2 = i of 24s. = 6s. 
/. ,. 1 = I of 6s. = 3s. 

where the cost of 1 article is found by successively dividing 24s. by 4 
and 2, the factors of 8. 

10. The division of one number by another maybe written in the 
form of a fraction, having the dividend for the numerator, and the 

4 
divisor for the denominator. Thus 4 -^ 3 may be written -- 

lof4 = jof(i4-i + i + i)-i4-i4-i4-i = i; 

butbyAx, 4, 4-i.3-=iof4, .%4-r3 = l. 
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RULE OF THREE. 

(Where a knowledge of Fractions is not required.) 

3> In this rale three things are given to find a fourth. All questions 
of this kind may be readily solved by multiplication and division, or by 
some of the first four rules of arithmetic, without the aid of the tech- 
nical rule of proportion. 

^- Bt Multiplication. 

1. If 6 glasses cost 5s. 9d., what will 18 cost ? 

C6st 6 glasses ^s 58. 9d. 
•% M 18 >i «= 3 times 6s. 9d.=s 17s. 3d. 
Three times the number must cost three times the pricCi that is, 18 
muse cost 3 times as much as 6. 

2. If 7 dishes cost 38. 8d., what will 35 cost? Am. 183. 4d. 

3. If a man's wages for 3 days be 8s. 6d., what will he earn in 30 
days? 

Wages for 3 days «: 8s. 6d. 
/, „ 30 „ ~ 10 times 83. 6d. = JC4 Ss. 

4. If 5 cwt. of sugar cost j£9 2s. 6|d., what will 40 cwt. cost? 

Ans. £li Os. 4d. 

5. If a man can build 24 yards of wall in 5 days, how many yards will 
he build in 30 days? 

No. yds in 5 days »> 24 

„ 30 „ «= 6 times 24 =« 144. 

6. If a man can walk 73 miles in 2 days, what distance will he walk 
in 6 days ? Ant. 219 miles. 

7. If 2 articles cost .Hd., how many can be got for 18d. 

No. articles for 3d. :== 2 

„ 18d. = 6 times 2 « 12. 

Here 6 times the money must buy 6 times the number of articles. 
8 If 7 lbs. of rice coat lOd., how many lbs. can be got for 3s. 4d. 

Ans. 28. 

9. If a man can walk 5 miles in 2 hours, in what time will he walk 
45 miles ? 

No. hours for 5 miles sa 2 
.*, „ 45 „ 3B 9 times 2 «> 18 hours. 

Here 9 times the distance will take 9 times the time. 

10. If a man spend j£3 in 7 days, how long will he take to spend J636 ? 

Ans. 84 days 

11. If a man can make 4 chairs in 6 days, how many days will he 
take to make 48 chairs? Ans. 72 days. 

12. The value of: a certain number of articles at 3s. each is 16s. 4d., 
what will be their value when they are at 1 5s. each ? 

Value at 38. each ss I6s. 4d. 
,% „ 15s. „ SB 5 times 16s. 4d. ik ^4 Is. 8d. 

Here the price of each article being increased 5 times, the value of the 
whole must also be increased 5 times. 

13. The value of a certain number of articles at 4d. each is £l 3s. 8^6., 
required their value when they are at 2s. each ? Ans. £1 2s. 3d. 

All the foregoing ejuunples belong to what is called direct ratio, that is, 
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the cost, for example, increases with the number of articles, or is directly 
as the number. 

14. If 6 men can complete a certain job in 17^ days, in what time will 
1 man do it? 

No. days for 6 men =« 17^ 
,*, „ 1 man = 6 times 17J = 105 days. 

Here 1 man must take 6 times as long as 6 men. 

This is an example belonging to what is called inverse or indirect ratio, 
where the time increases with the decrease of the number of men, or in 
other words where the time is inversely as the number of men. 

Without any regard to these technical di.^tinctions, the best guide to 
the pupil is simply a due attention to the nature of the question. 

15. If 15 men can dig a trench in 13^ days, how long will it take 
3 men? Ans. 67^ days. 

16. A man completes a certain journey in 25 hours when he travels at 
the rate of 24 miles an hour, how long will he take when he only travels 
at the rate of 4 miles an hour? 

No. hours when the rate is 24 miles = 25 

„ „ 4 „ = 6 times 25 =s 150 hours. 

Here with only one-sixth the speed he must take 6 times as long. 

17. If a man spend a certain sum of money in 65 days, when he 
expends 35s. a day ; how long would the money last him if he were to 
expend only 7s. a day? Ans, 325 days. 

18. If I article cost 3s. 4d., what will 5 articles cost? 

Cost 1 article = 3s. 4d. 
.*, „ 5 articles = 5 times Ss. 4d. ^ 3s. 4d. X 5 === I6s. 8d. 
The cost of any given number of articles is found by multiplying the 
cost of 1 by the given number of articles; thus, in this example, the 
cost of 5 articles is found by multiplying 3s. 4d. by 5. 

19. If 1 article cost £2 7s. 2d., what will 36 articles cost? 

Ans, JS84 IBs. 

5. Bt Division. 

1. If 20 articles cost 5s. 3d., what will 5 cost? 

Cost 20 » .5s. 3d. 
„ 5 = i of 5s. 3d = Is. 3fd. 
Here the fourth of the number must cost the fourth of the money, 
that is, the cost of 5 must be the fourth of the cost of 20. 

2. If a dozen bottles of wine cost JSI 17s., what should I pay for 4 
bottles at the same rate ? Ans. \2s. 4d. 

3. If a man spend «£150 10s. 6d. in 52 weeks, how much is that for 
13 weeks? 

Money spent in 52 weeks == dCl50 10s. 6d. 

13 =4of^-J50 10s. 6d. «=^3712s. 7id. 

4. If a man's wages for 30 days be je3 12s., what will he get for 6 
days ? Ans, 14s. 4 Jd. 

5. If a man can build 45 yards of wall in 20 days, how many yards will 
he build in 4 days? Ans,%, 

6. What will be the price of 2 oz. of tea at 2s. lOd. per lb. ? 

1 lb. s 16 oz. 3 then price 16 oz. bs 2s. lOd. 

,, 2 oz. e: { of 2s. lOd. « 4|d, 
Here one eighth the weight will be xme eighth the price. 
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7. If a cwt. of sugar cost £2 12s., how much will 14 lbs. cost? 

Ans. 6s. 6d. 

8. What will be the price of 4 oz. of tea at 5s. 6d. per lb. ? 

Arts. Is. 4^d. 

9. If 8 articles cost ISs. 4d., what will be the price of 1 article ? 

Cost 8 « 18s. 4d. 
r. „ 1 — 4 of 188. 4d. = ■ •, — 28. 3id. 

o 

Here, to find the price of 1 article, we divide the given cost by the 
given number of articles. Thus 18s. 4d. being the given cost of 8 ar- 
ticles, we divide 188. 4d. by 8 to obtain the price of 1 article. 

10. What will be the price of 1 lb. of sugar at £2 2s. per cwt? 

Ans. 4^d. 

11. If 6 lbs. of tobacco cost £l 12s., what will a quarter of a lb. cost ? 

Cost 6 lbs. SB £i 12h. 
„ 1 lb. = i of £1 128. — 58. 4d. 
„ J ». ■» t of ^« 4d. = Is. 4d. 

12. If 7 yds. of cloth cost ^'1 168. 2d., what will a half yard cost ? 

Ans, 28. 7d. 

13. If the wages of a workman for 1 week is £i, what will he get for 
a quarter of a day? Ant. lOd. 

14. If 42 yds. of calico cost 18s., how many yards can be got for 3s. ? 

No. yds. for 18s. — 42. 

„ 3s. » } of 42 » 7 yds. 

Here one-tixth of the money will only buy one tixth the number of 
yards. • 

15. If 24 lbs. of sugar cost 48. 6d., how many lbs. can be got for 
Is. 6d.? Am.^\bs. 

16. If thevalue of goods at 188. each be ^'22 48., what will be their 
value at 68. each ? 

Value at 18s. » £22 4s. 

„ 6s. = \ je22 48. = £1 88. 

Here the goods at one-third the price roust be one-third the value. 

17. If the value of a certain number of articles at 10s. each be ^'36 
138. 4d., what will be their value at 2s. 6d. each ? Ans. £^ 3s. 4d. 

18. If a man can run 20 miles in 2 hours, what time will he take to 
run 1 mile? 

Time for 20 miles .= 2 hours =s 120 min. 
„ 1 ,, sr ^ of 120 min. = 6 min. 

19. If a man can walk 28 miles in 8 hours, how long will he take to 
walk 7 miles? Ans. 2 hours. 

20. If 12 men can do a certain piece of work in 5 days, how many 
men will do the same in ]f5 days ? 

No. men to do it in 5 days »s 12 

„ „ 16 „ = J of 12 = 4. 

Here as the men have got three times the time to do the work in, it 
will only take one-third the number of men. 

21. It* 8 men can frame a roof in 5 days, how many men will it take 
to frame it in 20 days? ' Am, 2 men. 



»» 
»» 
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O* By Multiplication and Division. 

1. If 5 sheep cost ^3, what will 7 sheep cost? 

Cost 5 sheep = ^3 
„ 1 „ = Jof ^3 = iej= 128. 
„ 7 „ := 7 times 12s. = 12s. X "7 «= 848. = £i 48. 

Here we divide ^3 by 5, and then multiply by 7. 

Or thus : Cost 5 = ^3 

35 = 7 times ^'3 = ^'3 X 7 = ^21 
7 = i of ^-21 = £^ = £i 48. 

Here we multiply «£*3 by 7, and then divide by 5. 

The latter method is generally best, for we avoid the fraction some* 
times resulting from the division. 

In the first method, we first divide by 6/and then multiply by 7 ; 
whereas in the second method, we first multiply by 7, and then divide 
by 5; showing that the operations of multiplication and division may be 
performed in any order. It will be understood, therefore, that whenever 
the nature of the investigation requires us to divide first and multiply 
last, we may (should it be most convenient) multiply first and divide 
last. 

2. If 6 lbs. of coffee cost 7s. 6d., what will 7 lbs. cost? Ans. 8s. 9d. 

3. If 8 articles cost 2s. 6d., what will 5 cost? Ans, Is. 6|d. 

4. If 2 Ib«. 4 oz. of tea cost 1.5s., what will 1 lb. 7oz. cost? 

Here we first reduce the weightato the same denomination, that is to 
oz. ; thus 2 lbs. 4 oz. = 36 oz., and 1 lb. 7 oz. = 23 oz. 



Cost 36 oz. = 15s. 

15s. X 23 



1 = J4«* 



•*• )t 23 ,, — ^r 98. 7(1, 

Where we multiply 15s. by 23 and divide by 36. 

The arithmetical expression for the cost of the 23 oz. may be at once 
written down as follows : First writing down JJs., which is the cost of 

16s X 23 

1 oz., then — '-— , which is the cost for 23. In this manner, the 

36 

expression required may be at once written down without giving the 
steps of the process of reasoning. The following rule may not be with- 
out some use. 

Rule. — When the value of one quantity is given to find the value of 
another quantity of the same kind. Bring the two quantities fif neces- 
sary) to the same denomination ; find an expression for the value of 1, 
and multiply by the number whose value is required; but as the order 
of the operations may be changed, it is generally best to perform the 
multiplication first and then to divide. 

5. What will be the cost of 63 lbs. at «£'3 Os. 8d. per cent. ? 

Ans.£i 14s. lid. 
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6. If 6 articles cost ^19, what will 9 cost? ^nt, £2S 10s 

£]9 X 9 

Here we find io the usaal manner. Cost 9 = 

o 

Bat a more simple expression may be found as follows : 

Cost 6 = ^19 
„ 18 = 3 times ^19 == ^19 X S 

.-. „ 9-jofiei9 x3«^iyii 

Now the latter expression may be got from the former by cancelling ; 
thus 

Cost 9 == ^11^ = ^lliii 
^ 2 

2 
where the factors 9 and 6 are each divided by 3. 

Hence calculations may be often simplified by cancelling. 

7. If 15 cost 7s. 6d., what will 25 cost ? Jnt, 12s. 6d. 

8. If a cwt. of sugar cost £3 3s., what will 24 lbs. cost. j4ns. ISs. 6d. 

9. How many oranges can I get for 1 5s., when 26 oranges cost 2s. ? 

No. oranges for 28. == 26 

„ „ is. = J of 26= 13 

„ „ 15s. = 15 times 13 = 195 

where we first divide 26 by 2, and then multiply by 15. 

Or thus, No. oranges for 2s. =s 26 

„ „ 30s. = 15 times 26 » 390 
•.•• „ „ 15s. = 4 of 390= 195 

vhere we first multiply 26 by 15, and then divide by 2. See remarks 

to Ex. I. 

The arithmetical expression for the number of oranges required 

may be at once written down as follows: First writing down Sf, which 

26 X 15 
is the No. for Is., then ~ , which is the No. for 158. Hence we 

have the following role. 

Rule. — The price of a certain number of things being given to find 
the number which a given sum will purchase. Bring the two given 
sums of money (if necessary) to the same denomination; find the 
number which a unit of price will purchase, and multiply by the units in 
the proposed price. 

The following rale is applicable to all questions which can be given 
under Rule of Three or Proportion. 

General Rule. — Bring the quantities to be compared (if necessary) to 
the same name or denomination ; find the value of a unit, and then from 
this find an expression for the value of the units required. 

The rules that are here given are not intended to save the pupil the 
trouble of reasoning, as most rules unfortunately do, but rather to 
methodize the process of reasoning which should be adopted in the 
solution of each problem. 

10. How many articles can be got for .£'6, when 8 articles cost £i ? 

Ans, 12. 
B 5 
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11. If 4 yds. of cloth cost 68., how many yards can be got for 9s. 

^ns. 6. 

12. If a lb., or 16 oz., of tea cost 4s., what weight of this tea can I get 
for 78.? Arts. 1 lb. 12 oz. 

13. If a cwt. of sugar cost ^1 12s. 8d., what weight of it can I pur- 
chase for 1 58. 2d.? 

Here jei 12s. 8d. = 392d.; ISs. 2d. = 182d.; and 1 cwt. = 112 lbs. 

No. lbs. for 392d. ==112 

,t 182d. = — (By cancelling) 



392 
2 X 182 



=: 56 lbs. 



• 7 

14. How much butter at ^'2 10s. 4d. per cwt. may be purchased for 
-ei lis. .54d.? Ans. 70 lbs. 

15. If 2 cwt. 1 qr. 3 lbs. of sugar cost ^4 5s., what will 1 cwt. 3 qrs. 
9 lbs. cost? 

Here 2 cwt. 1 qr. 3 lbs. ^^ 255 lbs., and 1 cwt. 3 qrs. 9 lbs. == 205 ; then 

Cost 205 lbs. - ^i^?^#^ = fiSililil = ^-3 8s. 4d. 

255 51 

In performing the calculation we may either multiply the money by 
41, as in compound multiplication, and divide the result by 51, as in 
compound long division, or we may bring the money to its lowest deno- 
mination and then proceed to multiply and divide. Thus 

^ s. d. £ s. 

4 5 4 6 , 

41 20 



51)174 5 0(^3 8s. 4di 85 

153 41 

21 85 

20 340 



20 



425 61) 3485 ( 68s. 4d. 

408 306 

«e3 8s. 4d. 



17 425 

&c. &c. 

16. If 5 lbs. 8 oz. of tea cost £5 10s., what will 7 lbs. 12 oz. cost 

^ns.£l 15a. 

17. If a man can walk 40 miles in 15 hours, how many miles will he 
walk in 9 hours? 

No. of miles in 15 hours «= 40 
•*• >> 3 ,, =ss ^ = 8 

•'• », 9 „ s^ 8X3 = 24* 

18. If a man can build 21 yards of walling in 9 days, how many yards 
will he build in 24 days? Ans. 56. 

19. If a man can make a dozen chairs in 8 days, how long will he take 
to make 33? 
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No. days for 12 chairs » 8 

20. If a man can walk 35 miles in 14 hoars, how long will he take to 
walk 15 miles? Aru. 6 hours. 

21. If the coach fare for 63 miles be 14s. 7d., what will it be for 27 
miles? Ant, 6s. 3d. 

22. If the railway fare for 24 miles be 3s., what distance can 1 go for 
2s. 3d.? 

Here 3s. = 36d.3 and 28. 3d. « 27d.; then 
Distance for 36d. ■= 24 miles 

9d. SB ^ of 24 miles -= 6 miles 
„ 27d. «= 3 times 6 miles == IS miles. 






• 24 X 27 24 X 3 

Or we may at once write down, Dist. for 27d. « — — «= — 

' 3o 4 

=. 18. 

23. What will be the rate of charge per mile in the last example? 

Ans. l^d. 

24. If the coach fare for 30 miles be 4s., what distance can I go tor 
3s. 4d ? ^ns. 25 miles. 

25. If 10 men can do a certain piece of work in 12 days, how long will 
it take 15 men to do the same? 

No. days for 10 men = 12 

„ 5 „ as 2 times 1 2 = 24 

„ 15 „ s= ^ of 24 =s: 8 days. 

Here half the men must take twice the time, and thrice the men must 
take oDC-third the time. This is a question of inverse ratio or pro- 
portion. 

26. If 4 men can frame a roof in 6 days, how long will it take 3 men 
to do it? Am. 8 days. 

27. If 8 men can finish a piece of work in 6 days, how many men will 
it take to do the same in 16 days? 

No. of men for 6 days = 8 

„ 1 day =6 times 8 = 8X6 

16 days = ,^ of 8 X 6 = ?-p^ = 3. 

Here to do the work in 1 day must take 6 times the number of men, &c. 

28. If 15 men can dig a trench in 24 days how many men will it take 
to do the same in 20 days? Ans. 18. 

29. If the loan of ^100 for a year brings an interest of ^'3, what will 
be the interest on ^'15? 

Interest on ^100 = ^'3 

,, «(616 = 3 times 3s. a=r 98. 

30. What will be the interest on ^'60 at £2 for ^'100, or at 2 per cent. ? 

Interest on i£*l = £t^ 

,. ^60 = ^?^° = iei 4.. 
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Here the principal^ «£60, is multiplied by the rate per cent., J62, and 
the result is divided by 100. This division may be performed by the 
rule of compound long division. 

31 . What will be the interest on ^35 at 4 per cent. ? Ans, £l Ss. 

32. What will be the interest on ^46 at 3 per cent. ? Ans. £l 78. 

33. What will be the interest on ^'122 at 5 per cent.? 
Interest on ^100 = £5 

^122 = Is. X 122 =« 1228. = ^6 2s. 
It is useful to remember that the interest on ^1 at 5 per cent, is Is. 

34. Required the interest on ^6173, £3A2, ^'460, ^liTljat 5 per cent. ? 

Ans. £8 13?., ^'17 28., ^623, ^'33 lis. 

35. Required the interest on £55, ^'80. ^£95. £V25, at 4 per cent. ? 

An». £2 4s., ^'3 4s., ^3 IGs., £5. 
These methods of solution from first principles, besides cultivating the 
reasoning powers of the pupil, are really the most practical methods, as 
will be more fully shown in the following examples. 

7. Different methods of solution, whereby the calculation is 

simplified. 

The following methods of solution always lead us to the most expe- 
ditious form of calculation. 

1. If 8 cwts. of sugar cost ^16 9s. 4d., what will 41 cwts. cost? 

^ 8. d. £ s. d. 

Cost 40 cwts. » 5 times 16 9 4 == 82 6 8 

„ 1 „ « I of 16 9 4 = 2 1 2 

.•. Cost 41 cwts. = 84 7 10 ' 



By the usual mode of calculation we should have to multiply by 41 
and then to divide by 8, but by the foregoing method we have only to 
multiply by 5 and then to add the price of 1. 

2. If 6 cost 19s. 6d., what will 37 cost? Ans. £6 Os. 3d. 

3. If 6 cost 16s. 6d., what will 28 cost? 

s. d. £ s. d. 
Cost 30 = 5 times 16 6 = 426 
2 = iof 16 6= 66 



ft 



Cost 28= 3 17 



Here we find the cost of 30 and then subtract the cost of 2. 
4. If 5 cost 2s. Sjd., what will 24 cost? Ans. lis. 

.5. II' a dozen articles cost 13s. 3d,, what will 74 cost? Ans. £A Is. 8^d. 
6. If 1 lb. 4 oz. of tea cost 13!«. 4d., what will 1 lb. 9 oz. cost? 
1 lb. 4 oz. ss 20 oz., 1 lb. 9 oz. = 25 oz. 

8. d. 

Cost20oz. = 13 4 

„ 6 „ = J of 13s. 4d. = 3 4 



Cost 26 oz. = 16 8 
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7. If 1 lb. 14 oz. of tea cost JSII fts. 3d., what will 2 lbs. 4 oz. cost ? 

An8.£\3 Us. 6d 

8. If 49 cost ^13 9s. fid., what will 50 cost? Jru. £}3 15s. 

9. If 10 cost ^1 7s. lid., what will 9 cost? Ant, £l 5s. l^d. 

10. If 16 cost £Z 8f>. 3id., what will 15 cost? Ant. £S 4s. 

11. Required the interest on £IA 5a. at 5 per cent? 

Interest on £i =■ Is. ; Ex. 33, Art. 6. 
„ jS14» . 14s Od. 

5s. as ^ of Is. SB 3d. 



*l 



Interest on i6l4 5s. ^^ 14s. 3d. 



12. Required the interest on £15 48., ^42 lOs., ^£67 3s. 4d., at 5 per 
cent. ? Ant, 1 5s. 24d., £2 28. 6d., £3 7s. 2d. 

VULGAR FRACTIONS. 

8. Formation of Fractiont. A fraction is formed by dividing unity, 
or any object representing anity, into a certain naraber of equal parts. 
Thus if an apple be divided into 5 equal parts, one of those parts will be 
called one-fifth (i), two of them will be called two-fiths (f), three of them 
three-fifths (f), and so on. In the fraction J, the 5 is called the denomi- 
nator, and the 3 is called the numerator ; the denominator, therefore, 
indicates the number of parts into which the unit is divided, and the 
numerator indicates how many of those parts are taken. 

We add fractions having the same denominator by adding the nume- 
rators together, and then putting the common denominator beneath 
that sum. Thus 3 pieces of an apple, added to 2 pieces of the same size, 
will give 5 of those pieces, whatever part of the apple each piece may 
be; thus, ip -|- ^ = ^. And similarly \ — ? = ?• 

9, A fraction may also be regarded as a quantity resulting from the 
division of the numerator by the denominator. Thus J means three 
times the fifth of unity, or any object representing unity ; but it may 
also be taken to mean the fifth of 3 units, that is, three-fifths «» the 
fifth of three. 

For example, the three-fifths of a pound is the same as the fifth of 
three pounds; thus 

J of ^1 = 3 times J of 20s. = 12s., 
and J of .£3 » i of 60s. =» 12s. 
This important principle may be proved in the following manner, 

iof3«iof(l +1 + l)«i + J+i = J. 
Hence it follows, that 3 -^ 5, or J of 3, may be written §. 

The value of J of 3s. 4d. may be calculated in two ways, according to 
the meaning which we assign to the operation J, that is to say, whether 
we take it as 3 times the 5th of 3s. 4d., or as the 5th of 3 times 3s. 4d. 

lO. To reduce an improper fraction to a mixed number and 

conversely. 

An improper fraction has its numerator greater than its denominator, 
as §. 
A mixed number is composed of a whole number and a fraction, as 43. 
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ftti/e.— To reduce an improper fraction to a whole or mixed number. 
Divide the numerator by the denominator for the wiiole number, and 
the remainder, if any, placed over the given denominator will be the 
fractional part. 

Thus, ^ ^ 2J, here 5 is contained in 14 twice, with the remainder 4, 
which is placed over the given denominator 5, so that the mixed number 
is 2 and |. 

Proof, ^^-J4.jH,| = 14.14.J^2J. 

Rule, — To reduce a mixed number to an improper fraction. Multiply 
the whole number by the denominator of the fractional part ; add the 
result to the numerator for the new numerator, and retain the deno- 
minator. 

Thus, 2} w \p; here 2 multiplied by 5 gives 10, which added to 3 
gives 13 for the new numerator, the denominator, 5, being retained. 

Proof, 2j-ri+i+i-«S4-|4-i-'^. 

To express a whole number as a fraction with any given denominator; 
multiply the number by the given denominator and it will give tiie 
numerator of the fraction required. 

For example, let it be required to expxess 4 as a fraction with the 

4X6 
denominator 6; then 4 «» — - — ac a^. 

o 

Here each whole contains 6 sixths, therefore 4 wholes will contain 4 

times 6 sixths or 24 sixths. 

Exerciset. 

1. Reduce to improper fractions; 3{; 5f; 2^; 8J; 21§; 18J; 14}; 16J; 
19|;2A;1^T. 

2. Reduce to mixed numbers; |; ^ ; ¥; ¥*» ^ » V ; V? Tl W? W *. T- 

Ans. (1.) V;y;fg;V;¥;¥5T; ¥> 4*;S;??- (2.) U; 2^; loj; 

24;13j;2j;7j;174;10i55 4A; 60J, 

11. To perform division when there is a remainder. 

After obtaining the integer portion of the quotient, we put the re- 
mainder as the numerator and the divisor as the denominator for the 
fractional portion of the quotient. Thus, 44 -f- 7 =» y = 6J. 

12. To muUiply or divide a fraction by a whole number or 

integer, 

iX 3-3times|-§4.|-|-f = S. 
Here we multiply the numerator by the integer ^ and retain the deno- 
minator. 

Conversely, J -^ 3 — J of j = J. 
Here we divide the numerator by the integer, and retain the deno- 
minator. 

When the numerator is not divisible by the integer, we multiply the 
denominator by it; thus § -r 3 « -ft. See Art. 2h 

Ex. |X6-V-lJ;f-r2«|; tf-i-4 = j=lj; §-^3-J. 

13. To change the denominator of a fraction. 

If the numerator and denominator of a fraction be at the same time 
multiplied or divided by the same number, the value of the fraction will 
not be altered. Thus § ■» -f^ ; where the numerator, 2, is multiplied 
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bj 4, and the denomiDator, 3, is also multiplied by 4 to obtain -f^; and 
conversely -^ =« f * where the denominator, 8, is divided by 4, and the 
denominator, 12, is also divided by 4 to obtain j. 

Proof, j »» ij ; dividing each by 3, Art. 12, we get 

^ sr I of -^ «= -j^ ; multiplying each by 2, Art. 12. 

§ - A X 2 - A- 

The following graphic mode of proof is certainly best adapted for, 
primary instruction. 

In this diagram a line, representing i * a ttorl. 

unity, is divided into 3 equal parts, i Y r r * 

forming thirds, and each third is di- ' M I M I i I » i i I 
vided into 4 equal parts, forming s S | or 1. 

twelfths. It is at once seen, that two-thirds are equal to eight- twelfths. 
For other proofs of this kind, see the Author's Principles of Arithmetic, 
or his ** System of Mental Arithmetic." 

By multiplying both numerator and denominator of the fraction }, by 
2, 3, 4, &c., we have, }='|=='i'»^ =^ &c. In like manner J ss ^ 

In order to add fractions together, or to subtract one fraction from 
another, it is necessary that they should be brought to the same deno- 
minator, or to a common denominator. Thus J + I^^^-^ + '^bs^, 
where the numerator and denominator of the 1st fraction are both mul- 
tiplied by 4, and that of the second fraction by 3; again | — ) — ' ii 

-« = *• 

14>. To reduce fractions to their least terms. 

A fraction is brought to its least terms by dividing numerator and 
denominator by the greatest number that will divide them both. 

Thus }f =: j. Where both terms of the fraction are divided by 7, 
which in this case is the greatest number that will divide 28 and 35 
without a remainder. The 7 is called the greatest common measure 
(G. C. M.) of the two numbers 28 and 35. In most cases the G. C. M. 
may be found by simple inspection, or by a few trials. The following 
observations, however, will be found useful in reducing fractions to 
their least terms. 

1. Any number ending with 5 or is divisible by 5. 
Thus 45 and 30 are each divisible by 5. 

2. Any number ending with 2, or any other even number, is divisible 
by 2. 

Thus 44 and 62 are each divisible by 2. 

3. If the two last figures of a number be divisible by 4, then the 
number will be divisible by 4. Thus 1316 and 2128 are each divisible 
by 4. 

4. Any number is divisible by 3 or 9 when the sum of its digits is so. 
l*hus 312 and 63 are each divisible by 3; and 7452 and 81 are each 

divisible by 9. 

5. When the sum of the alternate digits of a number (containing not 
more than 4 digits) are equal, the number is divisible by 11. 

Thus 2761 and 242 are each divisible by 11. 

By successive division, therefore, a fraction may be often readily 
reduced to its least terms. 

For example, let it be required to reduce ^ to its least terms. 
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Here by saccessively dividing by 11,5, and 9, we have, 

846 S 315 =s= SJ =a I 

3560 — 360 75 8* 

Exercises, Reduce the following fractions to their least terms, m, 

«. m- m- m^ *• , ^'"- a. s. -a. m . 1. 1- 

The following method, although often tedious in practice, invariably 
gives the greatest common measure of the two terms of a fraction. 

15. To find the greatest common measure of the numerator and 
denominator of a fraction, and thereby to reduce it to 

its least terms. 

Rule. — Divide the greater term by the less, and the last divisor by 
the remainder continuously until nothing remains; then the last divisor 
will be the greatest common measure. 

Thus to reduce the fraction -ff^ to its least terms, we have 

861)1107(1 
861 



246)861(3 
738 

123)246(2 
246 

Here the greatest common measure is 123, then 

123 )-^ = J, which is the fraction in its least terras. 

Proof. — Since 123 is the measure of the last dividend, 246, it roust 
also be a measure of, 861, the preceding dividend, for 861 =3 X 246 
-|- 123 ; but 861 is one of the terms of the fraction. Again, because 
123 measures 246 and 861 it must also measure their sum or 1 107 the 
other term of the fraction. And so on similarly to any other case. 
Moreover 123 is the greatest common measure. For, if possible, let us 
suppose that 124 measures 861 and 1107, then it must also measure 
their difference 246, and also 3 times 246 or 738 ; but as it is supposed 
to measure 861 it must also measure 861 — 738 or 123, which is absurd. 

Exercises. Reduce the following fractions to their least terms, ^, 

16. To find the least common multiple of two or more numbers. 

One number is said to be a multiple of another when it can be divided 
by it without a remainder. Thus 15 is a multiple of 3 and 5. 

A common multiple of two or more numbers is a number which con- 
tains each of them without a remainder. Thus 12 is a multiple of 2, 
3, 4, and 6; 36 is also a multiple of these numbers; but 12 is the least 
common multiple of them. 

Rule. — Arrange the numbers in succession and strike out such of 
them as are exactly contained in some one of the other numbers. 
Divide the greatest number of them by some number that will divide 
them without a remainder. Place the quotients and the undivided 
numbers under the former, and again strike out those that are exactly 
contained in some one of them. Proceed in this manner until no number 
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greater than unity will measure any two of the numbers lait found. 
Then multiply all the numbers last found, and all the diviftors con- 
tinually together, and the result will generally be the least common 
multiple required. 

Ex. Required the least common multiple of 4, 9, 15, 16, 18, 20, 8. 

Here we first strike out 4, 9, and 8 ; because 4 is 5 ) 15, 16, 18, 20 

exactly contained in 20; 9 in 18; and 8 in 16; then 

the remaining numbers are written down. 2)3, 16, 18, '^ 

Then 5 divides 15 and 20, and in the second line -^__^ 

of figures 4 is struck out, because it is exactly con- ^, 8, 9 

tained in 16. Now 2 divides 16 and 18, and in the last line 3 is struck 
out, because it is exact!y*contained in 9 ; then 

The least common multiple aB8x9X2x6 — 720. 

Exercises, Required the least common multiples of the following 
numbers. 

(1.) 12, 20, .^0, 36. Ans. 360. (4.) 8, 12. 28, 24, 16. Ans. 336. 

(2.) 28, 8, 64. 7. „ 448. (5.) 4, 6, 8, 10, 12. „ 120. 

(3.) 6, 18, 40, 9. „ 360. (6.) 2, 3, 4, 5, 6. „ 60. 

17. To reduce fractions to a common denominator. 

Rule I. — Multiply each numerator into all the denominators, except 
its own, for a new numerator; and multiply all the denominators to- 
gether for the common denominator. 

Ex. Reduce }, }, | to fractions having a common denominator. 

Here the common denominator «■ 4 X 6 X 8 «■ 160; then 

3X5X8 ^. 2X4X8 «, .. 5x4x5 



4X4X8 >«»'* 6X4X8 »«*•" 8x4x5 

It is obvious that the values of the fractions are not altered by this 
process, for the numerator and denominator of each fraction is mul- 
tiplied by the same number. It will be observed, that this rule does 
not always give the resulting fractions in their least common deno- 
minator. 

Rule IT, — To reduce fractions to their least common denominator. 
Find the least common maltiple of all the denominators, and this will 
be the common denominator; divide it by each of the given denomi- 
nators and then multiply the several quotients by the respective nume- 
rators for the new numerators. 

Taking the foregoing example, we find the least common multiple of 
4, 5, 8 to be 40, which is the least common denominator ; then 

j_ 3XlO ^ 2X8 1,. ff_,5x5 

where the factors 10, 8, 5, in the new numerators, are obtained by 
dividing 40 by the denominators 4, 5, 8, respectively. 

18. To add and subtract fractions. 

Rule. — Reduce (if necessary) the fractions to their least common 
denominator, add or subtract the numerators, as the case may be, and 
retain the common denominator. 
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It must be observed, that in order to add or subtract fractions, they 
may be brought to any common denominator ; but the calculation is 
generally must easily performed when they are brought to the leati 
common denominator. 

Ex.l. J + ^ + ^ + i-3t + * + j| + Ji-51 = 2A. 

Here we find the least comraon multiple of 8, 16, 12, 3 to be 48, 
which is the common denominator; whence the new numerators are 
obtained by Rule II., Art. 12. The sum of the numerators is 99 and 
the common denominator, 48, is retained, giving fj for the *8um of the 
proposed fractions, which is then brought to the mixed number 2-^. 

Or thus. Sum = } + I + § + i— 4; 
in order to bring all the fractions to whole numbers, we shall multiply 
both sides of this equality by 24, then 

nA *.' ^u 3 X 24 , 5 X 24 , 2 X 24 , 2- «. 
24 times the sum — 1 g — -\ h ¥ ~" fl 

= 18 + 16 4- 16 + 4 — 2 — 61 
.*. The sum :» |^ = 2J, as before. 

When any of the quantities are whole or mixed numbers, it is most 
convenient to add separately the whole and the fractional parts, and 
then add the two results. 

4. 1§ + 3| + 2^ + 4 =: 10 -f I + 3 + A 

= io-,Hl±J^-io + s-ii4?. 

6. 2id. + 3fd. + 2Ad. - 7d. + 5i|J:_^d. = 7fd. 

6. Add together 2s. 2|d., 33. 1^., 4s. 3§d., 9}d. 

First adding the fractional parts of pence together. We have 

|d. + id. + §d. + Jd. « 9 4-20 + 16 + 18 ^^ = gd. - 2|d. ; 

carrying the 2d. to the pence, &c., we find the sum = 10s. ll|d. 

I. Add together 3 yds. 2| ft., 2 yds. 2J ft., 2^ ft., 1-^ ft. 
First adding the fractional parts of a foot together, we have 

f + i + A + A = '^ + ^°3+^^ +^ -84 = 1=1^ ft.; 

carrying the 1 ft. to the feet, &c., we find the sum = 7 yards i^ ft. 
8. 8S-2J-3i = 3 + S-i-§-3 + i^^=^=^-3A. 

9- 3i + i - 2i - 1 + J + 1 _ J = 1 + UilrJ = 1 _ J _ |. 

10. From 6s. 4^d. Here as j is greater than J, we borrow Id. from 
Take 3s. 8|d. the 4d., and then 1 J — j = | _ J « J ; and so 

on as in compound subtraction. 

28. 7|d. Before applying the rule, improper fractions 
should be reduced to mixed numbers. 

II. V+ •f-^=«9iH-40J-2J-47 + i + §-i-47J. 
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Exercvtet. Find the value of 

i.J + i + l + J; J + 8 + l + 4;ft-!. 

2. 2? + 34— u- ir; i~ J + 2«— ij-f 41 + A- 

3- ^-2A; 4|-28-l^; lf-2J + lA. 

4. Add 3s. 2§d., 28. 7^., 5s. S-j^^., 5^., 2Jd. 

5. From 5s. 4id. take 48. 9^. ; Is. 2|d. + 5{d. — 9\d, 

6. l8. 4^. — 6^. ; £i 2j8. — ISJs. ; 2 yds. 1} ft. 4- ^ ft. 

7. ^f + ¥; '/-2|; if + 2i-¥; 9-¥ + V- 

jinswers. (1.) SJi; 5^; i (2.) 4i5; 6^- (3.) 2«; f|: «. (4.) 128. 
3^d. (5.)7Ad.; lljd. (6.)91id.; 4^.; 3 yds. l^ft. (7.) 55^^; 2^!,; 
4ii; 12^. 

Compound fractions must be reduced to simple fractions before the 
rule can be applied. 

19. To mtdtiply fractions, or to find the fraction of a fraction 

Rule. — Multiply the numerators together for the new numerator and 
the denominators together for the new denominator. Thus f of j 

4 X 3 * 

1st Proof. From the diagram Art. 13, we at once see that }■ of | is 
^, and that i of § is -j^ 3 therefore 3 times }■ of § will be 3 times -f^ov ■^. 

2nd Proof. To show that | of | » ^, 

■If SB 1; dividing each by 3 (12), we get 
^ ss 4 of 1 SB 4 ; dividing each by 5 

Or generally ^ »= 2; dividing each by 3 (9 and 12), we get 
j| s 4 of 2 OB J; dividing each by 5 
^ s= J of §; multiplying each by 4 
^ = 4time8iof§ — Jof§. 

3rd Proof. To show that if of J — A. By Art. 13, f — §J ; then ^ of 
i=-?of§J = 2time8A=-A. 

The fraction of a fraction is equal to their product ; thus | of ] » ) 

X J-A- 
Proof. } X § SB }; taking the 5th of the multiplier, we get 
j X \^^ \oi\\ taking the multiplier 4 times, 
§X j = 4timesiof§«:Jof§. 

When there are mixed numbers in the compound fraction, it is 
generally most convenient to reduce the mixed numbers to improper 
tractions before multiplying. 

Ex. i. J of 24 of 1^ of 4 — J X i X f X f « W — "^f 
2. 2J X 1§ of 1 j = J X j X f = W == 4f 

In examples like this, the calculation is much simplified by striking 

out or cancelling any factors common to any one of the numerators and 

also any one of the denominators 5 thus 

3 2 

^ 5 ^_ 3X5 X2 30 ^ 
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7 4 2 

3. 2t|of2fof2|-|^X-^X^-9-18§. 

3 

4. T + |of|x Jof4-41iH-5-.41 +i + i-41i. 

6. J + iofJ-Jxi-li + J-A-l+^^m^=-^-2. 
Exerciset, Find the valae of 

1. Aof 2jof 70; A X 3^ X 44: 6i X f X 3|; Sj X 2J X f. 

2. A X 8f X 6§; {off — i; i}of2 x If; \f— Jof 9. 

3- lof^X 3Jx6i; 2] X 3} + i of 2^; f — i of «. 

4- 8i X 1 — 1; 2|x4i + iof6i — J; 6-iof9. 

6. iX 6 X A + Jof5 — Jofli; tf + i of 2i — Aof2. 

Aniwers. (l.)36; 3i; 16*; 13. (2.)10§; ^; 1; Ig. (3.)21i; Sft; 

iM. (4.)?!; 161; 3*. (5.)6i; l. e -tb -n 

ao. Compound multiplication when there is a fraction in the 

multiplier. 

Ex. 1. What will be the cost of } of a lb. of sugar at 28. 8d. per lb. ? 

8. d. 
2 8 

7 





s. 


d. 


Costl 


»2 


8 


.. i 


» 


4 



8)18 8 „ 2»2 4 

2 4 

The second sohition here given shows another way of multiplying 
by {, namely, by dividing the cost of 1 by 8 and sobtcacting the result 
from the cost of 1. 

Ex. 2. What will be the cost of 3{ when the cost of 1 is Is. 8d.? 

s. d. 

1 8 
3 

5 
Forf 1 Oi 

6 Oi 

» 3|-6 OJ 

The value of { in the first solution is found in the ordinary way, that 
is, by multiplying Is. 8d. by 5 and dividing the result by 8; in the 
second solution the value of | or | is first found by dividing Is. 8d. by 2, 
and this last result divided by 4 gives the value of }, then by adding the 
three results, we find the value of 3 + | + |, or Sf. 



s. 
Cost 1 «» 1 


d. 
8 
3 


Cost 3 = 



10 
2i 
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£ 


8. d. 


Ex.3 


1 


18 7i X 7| 
8 


'. 


16 


9 


For J 




4 ^ 


^15 


4 8i 




8. 


(1. 


Ex. 4. 


8 


4iX 16 
3 


1 


6 


1' 


^6 


6 


u 


8. (1. 






8 4J 
8 






3 7 3 




2 


Pi 




6 14 6 

8 4J 


rodact by 16 

1 


£e 6 i| 




16 



Here we multiply by 8, bat as this is 
i too raach we sabtract J of the price of 1 
from this result for the product required. 



Here { X 3 >■ ^ ■> 2f ; we set down 
and carry 2d. Again, { x 6 >- y ■> 3^ fwe 
set down |d., and carry 3d. 

The calculation in this question may be 
simplified as follows. At once to get rid 
of the fraction we first multiply by 8 and 
then by 2, and subtract the value of 1 from 
the result for the value of 16 ; thus 



Ex. 5. Multiply £2 SJs. by 6J ; and 2 ft. 3^ in. by 2}. 

In questions of this kind, it is generally best to reduce the quantity 
to one denomination before multiplying. 

Here £2 5Js. = 46|s, — ^fa. ; and 6§ « ^ 5 then *f s. X ¥ =■ 302|8. 
» ^15 2s. 8d. 

Again, 2 ft. 3^ in. = ^ in.; 2§ » ^; then f in. X ? — 66} in. 
SB 6 ft. 5J in. 

Ex. 6. Multiply 3 cwt. 23 lbs. by 8J. 

cwt. lbs. 3 cwt. 23 lbs. a 359 lbs. 
3 23 8^ 
8 



^^— — * 2872 

25 72 For J 119§ 

For J 1 7 j 



26 79 j 



112)2991§ lbs. 



26 cwt. 79§ H)8. 



The first method here given is the better when the answer is required 
in cwts., and the second is preferable when the answer is required 
in lbs. 
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Ex. 7. Required the value of J of a pound, § of a shilling, and § of 
12s. 6d. 

Here, J of 208. = 12s. ; | of 12d. = 8d. ; and { of 128. 6d. = lOs. 6d 
Then sura of these results ^ ^I Ss. Id. 

Ex. 8. Find the sum off of ^'10 lis. 8d. and gof ^27 lis. 3d. 

The following is more expeditious than the usual method of calculation. 

^ 8. d. £ 8. d. 

10 11 8 27 11 3 

Value of i= 2 2 4 Value of J = 3 1 3 

„ J = 8 9 4 „ j = 24 10 

24 10 



£32 19 4 Am. 
Bxercues, Find the value of 

1. J of iei ; A of ^5 ; Ss. 4d. X f ; 2i of 2s. 6d. ; 443. X 3J. 

2. Find the difference of 38. 6d. X 4], and 4s. T^d. x 2|. 

• 3. Find the sura and difference of £2^ x 5^ and ^'3^ X 4^^- 

4. 2 tons X i + 5 «wt. X 4^g; 3 cwt. 2 qr. X 2| ; 4 wk. 4d. X i of 8|. 

6. £^ 9s. 6d. X 3§ + 2s. 8d. X 4J — ^4 78. X 3§. 

6. 4 of i of J of 3 cwt. ; f of 1 yd. + §of 8 ft. ; f of 7 ft. — J of 6 ft.4 in. 

AnswerB. (I.) 178. 6d. ; ^63 lOs. ; 38. 4d. ; 5s. 74d. ; 178. (2.) 3s. 2jd. 
(3.)-C27iJ; £\A. (4.) 2 tons SJ cwt.; 9 cwt. 24 qr.; 9 wk. 6d. (5.) 
£1 08. 2d. (6.) 7 lbs. ; 1 yd. 2 ft. 6| in. ; 1 ft. 

21. To divide fractions. 
Ride. — Invert the divisor and then multiply. 

ThU8J-^?-:jX? = fJ. 

Proof. In all cases of division, the divisor x the quotient = the 
dividend. 
In this case we have to divide } by f , 

.*. I X quotient == § 
that is, twice the seventh of the quotient is equal to |; therefore, 
taking the half of both sides of the equality, we get 

I X quotient s= 4 of J. 
Now taking both sides ot the equality seven times, 

quotient ■= 7 times 4 of | = J of j = fj, 
^ where we invert the divisor, f, and then multiply. 

Or thus. J-i-2 = ^-^2=-ft,Art. 13. 
Now by taking if the divisor, the quotient will be increased 7 times. 

.*. J~? = 7times^=.f4. 

As another illustration of the principle, let us take the following 
exaraple : — 
Ex. 1. If 3f articles cost 18s., what will 1 article cost? 

Here, Cost 3f = 18s. 

Now, to get rid of the fraction, we shall multiply by 7. It is obvious 
that 7 times the number will cost 7 times as much. But it will be 
observed (Art. 12*^ that 7 times 3f « 27. 






• 
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Cost 27 -» 188. X 7 

Cost 1 =. ^^^'^ ^ « \3fti. — 48. 8d. 



• • " ~~ 27 



The method here given is often highly convenient in practice. 

2. If 27} articles cost ^106 9s. 3d., what is the cost of 1 article? 

£ 8. d. 
273 ) 106 9 3 ( 
6 6 



167 ) 638 15 6 ( £^ 16s. 6d. 

Here to get rid of the fraction in the divisor, we multiply by 6, and 
then proceed with the division as in common long division. If wo take 
the number of articles 6 times, we must increase the price 6 times. 

3. £2 Sjs. -^ 3§ = 46^8. -f- y == 3^«s. X A =" Ws- — 128. 3fld. 

4. 8i~34 Xi = ¥ -4-i X J = ¥ X ? X i = 2T^,. 

S- « X 2| -f- } of ^ =- I X I X f X i - ¥ « 91. 

Exercues, | -^ J } If -^ A; 2} -4- IJ; ^63 2j8. -i- 2|5 ^8J -5- 8j; 
J&2§ ~ 1}5 £'i 68. 4 ^ 24}; } of 2§ -f. 1? of 21 J IJ -r- J of 1^ of ef; 
4 X 2j-^3i; 14-4- 2i+ li-r-lj; jof 7iof^-M4; Jof^'l-^Jof 
Is. ; J of -£32 -r- 1^ ; 5 of ^3J -^ J of ^2^. 

Answ^t, ^: 4}; IJ; jei 28. 7^.; 188. 9d. ; £\\\ 2s. 8d.; }; ^; }; 
J|: 1; 20; ^13J;|. 

22. To change the denomination of a quantity, or to express a 
given quantity as the fraction of another, 

Ex. 1. Reduce 3s. 6d. to the fraction of ^1 ; and 6} ft. to yards. 

42 
3s. 6d. « 42d. - £ ig-xTo "" '^** 
27 

6i ft. = ¥ ft. - ^-^ yds. = J yds. « 2} yds. 

2. Express 2s. 6d. as the fraction of 58. 4d. ; and Ifd. as the fraction 
of Is. 

2s. 6d. ^ 30d. ; 5s. 4d. » 64d. ; 

Then the fraction required =s JJ = J:]. 

7 
Again, IJd, = Jd. =« ^ ^ ^^ s. — ,^8. 

3. Express 2^ lbs. as a fraction of 5^ lbs. 

Here, the fraction required =-^-= JJ :=» }. 

4. Reduce 'j of 5s. to the fraction of ^'1 ; and | of 5 cwt. 1 qr. to the 
fraction of a ton. 

f of 5 cwt. 1 qr. = f of 2^ cwt. = if X ^* X ii tons *» ^ tons. 

5. Find the value of f of a pound + J of a shilling — J of a guinea. 
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jef — ^ ^^^ 8. =«= ^8. ; then ^s. + Js. — ^s. = 2 Js. — 28. 9d. 

Exercises, Reduce 

1. 68. 3d.; Is. 4^d.; Is. 2id. ; £2 lis. 3d.; £i 2s.; ^'3 On. Id.; to 
the fraction of ^1 . Ans. -fe ; f^^ ; Vi%; tt J tt ; m* 

2. 1^. ; }d. ; Jd. ; 3|d. ; Is. 3d. ; 9s. 2d ; to the traction of a shilling. 

^"*- A; A; aV; A; 5; f 

3. 22; lbs. ; 2 qrs. 14 lbs.; 1 cwt. 3 qrs. 21 lbs. ; 2 qrs. 7 lbs; | of | 
of 28 jibs.; to the fraction of a cwt. Ans. J; |; |J; ^; J. 

4. Gj hours ; 2 days 3| hours ; 3 weeks 6 J hours ; 1| days 44 hours ; 
to the traction of a day. Ans. \l; ^; ^ ; \y. 

5. J8.5 2id.; 3s. 6;d.; £2 16s.; ^*6| ; to the fraction of 78. 6d. 

6. 9s. 6d.; {s.; i£j; SJs. ; 2^. ; to the fraction of a guinea. 

Ans. ii; i; if; J; ^Jg. 

7. f of I4d. ; I of Sjd. ; | of 3jd., to the fraction of a shilling; and f of 
6d ; I of IJs. to the fraction of X'l. Ans. ^^; ft; jj^; ife; ife- 

8. Find the value of ^} — ^§ + js. — J of 1 guinea. Ans. 2fe, 

9. £'2^0 — 3Js. — IJd. « X-Jlj; 2i lbs. + 4i oz. — Ij lbs. = ^^f lbs. 

10. i hour + i week + f day « ^? days ; | cwt. — 3|| lbs. = g 
cwt. 

23. 7\> calculate complex fractions. 

1. |X 3§ x6 — ijofj-^lf + J-T-IJ. 

-:§X l'7-*XiXft + Ti-lli-ii + A=ll&. 
2.§(64-4)(2-i)-§Xlf Xl-8. 

14j^l2 + 10^ 

1 — j 12 — 9 ^ ^ 

Here to get rid of the fractions, we first multiply numerator and 
denominator by 12, which is the L. C. M. of 6 and 4. 

Here we have a simple fraction in the numerator and also in denoroi- 
nator ; in such cases the fraction is simplified by multiplying the two 
outer numbers for the new numerator, and the two inner numbers for 
the new denominator. 

6. ia + 8of?)-j(3-Jof24) = jxiA-Sxi-8. 

8 X "^ jHLX 2 2 X 7 + 1 X 2 ^ _ , ., 
8 X 9— 4 X 7*^2 X 9— 1 X 7'"^ ""* 
Here, to simplify the calculation, we first divide each part of the 
numerator and denominator by 4. See Axiom 8, Art. 2. 

7. 3j-f-(§of^^j) = ¥-i-(lf XS)=^XAxa = j. 

8. 24 -f-l J + 4§ -5- 7 + (3 -^ 2i) X (4 -T- li) -r- (12 -4- 1}) 

- a X ;} + V X ^ + 3 X J X 4 X i X A = 1* + § + I = 2YiV 

9. Find the product of the sum ai.j difference of 2^ and 2^. 

(2i + 21) X (2i - 2i) « 4j X i = 
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10. Add together the suin, difference, and prodact of -J^ and }. 

Exercisesm 

2. 2-Jx |4-2i + 7i-i-44-6(J-A)-2. 

24X8-16X7 il«i.2l_ull_| 

8 X 6 + 32 X 3 "'•134 *• 14 • IJ '• 

*• (H-i- If) X (4|-5-6i) - lA: (|-i-2f)-i-« ^S) - A. 

5. Find the prodact of the sum and difference of 5J and A\. 

Ant. 10^. 

6. Divide the prodact of | and | by their difference. Ant, 2f . 

7. Add together the sam and difference of 5| and 2|, and divide the 
re8altby{of5|-i-2}. Am, 14. 

24. Problems in fractions. 

1. If j of ] of property be worth ^260, what is the value of the whole ? 

l-of I « I ; .% Value of | = ,£260. 

.» I — i of ^£260 ^ ^130. 
„ I « 5 times iSlSO » ^650. 

2. If f be worth ^20, what is the value of the whole ? Ana, ^24. 

3. i of 4 of a number is 1-J^, what is the number ? Ant. 17. 

4. 1 + t ~^ i of a number is 34, what is the number? 

^ of the number sb 34, 

,*, the number s^ 24 times 2 a 48. 

5. i + I of a number is 10, what is the number? Ans. 12. 

6. If I of an estate be worth i650, find the value of J. Ana. ,^45. 

7. What number divided by 7J will give 18^ ? Ana. 136^. 

8. How often is £\ contained in 4 guineas ? Ana. 7 times. 

9. What part of a lb. are 3J oz. ? Ana. \. 

10. Divide ^'5 between A and B, so that A shall have 1^ times as 
much as B. 

Supposing B to have 1 share, A will have ]j| shares; and then 
dividing the money into 2\ shares, we have — 
2^ shares ^=^ £5. 
/. 1 share = £5 -J- 2 J *= £2, B's ; /. A's = £5 — £2 « ^3. 

11. Divide 5s. between A and B, so that A shall have 24^time8 as 
much as B. Ana. Is. 6d. A's share ; 3s. 6d. B's share. 

12. A person spent J of his money, and afterwards J of the re- 
mainder, and then found that he had 2Js. left ; how much had he at 
first? 

c 
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Part speot at first »» J ; Part spent afterwards » f of (1 — ^ »= i ; 
.*. Part spent altogether =: j + J =s j* 
.'. Part remaining = 1 — i = jj 
.*. J of his money = 2Js. ; .*. his money ==: 2js. x 6 ss 148. 

] 3. A man sold | of his oranges to A, J of the remainder to B, and 
had 9 left ; how many had he at first? Am, 15. 

14. How many oranges did B purchase ? Ant, 3< 

15. A person left ^'240 among three persons; to 4 he left f, to B J 
of A's share, and to D the rest ; required D's share of the money. 

A*s share s=s | ; B's share ^ ^ of | = |^ ; 
.*. D's share = 1 — |_^=r^; 
.«. Value D's share = -ft of ^-240== ^135. 
Or thus. Value A's share = | of ^240 = .£90. 
„ B's „ = I of ^90 =« jei6. 
„ D's „ =^ £240 — <£-90 — jei6 = jei36. 

16. Find the value of D*s share, when B's is J of A's ? Ans, £\21\, 

17. Out of J of if of £63, 1 paid £30 j how much remains ? Ans, £6. 

18. Divide | of | of £J by J of ^. Ans. 78. 1(^ 

19. What number multiplied by § of -ft is equal to 5§? 

J of ^ = f ; the number x } = 5§ ; .«. the number = 6§ -=- | = 7j. 

20. What number divided by § of ^ of 10 will give 2\ ? Ans, J. 

21 . What number added to | of 1^ of § will amount to unity? Ans, {. 

22. 2s. 6d. are how many times 5|d. ; 480 yards are what part of a 
mile ; 8 cwt. 14 lbs. are how many times 3 cwt. 1 qr. ? 

Ans. 5j\; ^; 2j 

23. If a man does { of a piece of work in 4^ hours, what part of it 
would he do in 1 hour, and in what time would he do the whole ? 

No. hours to do I = 4^ = §. 

„ j = jof§ = J. 

„ 1 — 8 times§=* 12. 

And, therefore, the part done in 1 hour = ^. 

24. In what time would he finish the remainder? Ans, 7^ hours. 

25. If A can do a piece of work in 9 hours, B in 8 hours, and C in 6 
hours ; in what time can they do it working together ? 

In 1 hour, A does ), B }, and C } : 
.'. Part done by A, B, and C in 1 hour = J4-J + J=:U; 
that is, A, B, and C do f§ of the whole in one hour ; thea 
No. hours to do f| of the whole =: 1 ; 

„ the whole =12 times ^ == 2^. 

26. In what time would A and B, working together, do it ? 

Ans, 4^ hours. 

27. Suppose A to work alone for 2 hours, and then B alone for 1 
hour, in what time would A and B finish the remainder ? 

Part done by A and B working separately *= j + J = ^ ; 
Part remaining to be done es 1 — jjj ^ ^ ; 
and proceeding, as in the foregoing examples, we find 
No. hours for A and B to do i^ part *» ^ : 

» „ fi » = 47 times J, — 2^^. 
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28. A cistern can be filled in 16 minutes by one pipe (A), and in 12 
minutes by another pipe (B). (1.) in what time will they fill it when 
opened together ? (2.) if A alone be opened for 4 minutes, in what time 
will they fill the remaining portion of the cistern when opened together? 

Ana. 61}, ^ minutes. 

29. If the pipe A discharges the water (see last example) from the 
cistern, in what time would the cistern be filled when the pipes are 
opened together ? 

In this case, the part filled per minute ^ -j^ — ^ =» ^; therefore, the 
whole must be filled in 48 minutes. 

30. A can do a piece of work in 15 days, A and B working together 
can do it in 9 days, and A and C in 8 days; in what time would B and 
Cdoit? 

In 1 day, A can do •^, A and B ^, and A and C } ; 
••. The part done by B in 1 day = J — ^ r=r ^ ; and 

BandC. =^ + ^ = jjgj. 
.•. No. days for B and C to do the whole ^^ = 9§;f. 

31. If A can mow a field in 12 days, and A and B working together 
can do it in 5 days, in what time would B alone do it ? Ans. 8^ days. 

32. lu what time would A, B, and C (Example 30) do the whole ? 

Ans. 5^ days. 

33. A man travelled 16} miles in 3| hours ; at what rate did he travel 
per hour ? 

No. miles per hour « I6j -i- 3| = ^ X li = 4§. 

34. If 9| lbs. of tea cost 218. 9d., what is the price per lb. ? 

Aru. 28. 2J5(1. 

35. A man finished a piece of work in 6 days ; in the first 2 days he 
worked lOj hours each day, in the succeeding 3 days d\ hours each day, 
and in the last day 7 hours 5 minutes ; how many hours per day should 
he work to finish the whole in 5 days ? 

No. hours work in the whole = 1U| X 2 + 9i X 3 + 7^^ « 56J. 
••. No. hours required = 66J -J- 6 = 11 h. 16 min. 

36. A roan completes a journey in 4 days ; in the first day he travelled 
for 11} hours, in the two succeeding days 9 hours 10 minutes each day, 
and in the last day 6 hours 20 minutes ; how many hours per day should 
he travel to complete the same journey in 3 days? j^ns. 1 1^. 

37. A watch gains 6 minutes in 12 hours. If it be set right at noon, 
what will be the true time when the watch is at 20 minutes past 7 ? 

7 h. 20 min. «« 440 min. past noon ; gain per hour = ^ == J min. ; 
•*• True time when the watch indicates 60^ min. past noon =^ 1. 

AAn 440 

» >» 440 „ =- 



60|| 
= 7 h. 16T*i\m. 

38. What .would be the true time when the watch gains 3 minutes in 
12 hours? Ana. 7h. 18^^ min. 

39. How much copper can be got from 1 ton of the ore, allowing that 
it yields 14}^ per cent, of pure copper ? 

Weight of copper in 100 tons =: 141 tons. 

» >» 1 „ a= ]4| tons -i- 100 » 319^ lbs. 

c2 
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40. If I gain ^8} per ^100, how much is that in £l ? Jim. Is. ^i: 

41. A batcher bought 10 sheep and 5 lambs for £l(i^. Now esch 
sheep cost 3 times as much' as each lamb. What did he pay for each 
lamb? 

Here, we shall turn the shefep into Iambs. 
10 sheep ^s 3 times 10 or 30 Iambs; 
.*. 10 sheep + 5 lambs ss 30 Iambs -|- 5 lambs sb 35 lambs; 
.*. Value 35 lambs « i^lO^ ; and value 1 lamb <= ^1 0^ -4- 35 » 68. 

42. A farmer bought 2 horses and 6 cows for JS140; but the price of 
each horse was twice the price of each cow : required the price of each 
horse. Ans. iB28. 

43. A horse and chaise are worth ^60, of which the chaise k|; 
required the value of the horse. Ant, ifi24« 

44. A post is 2 ft. 4 in. in the ground, and f of its whole length abovt 
the ground ; required the whole length of the post. ^im. 8 ft. 2 bu 

45. A horse and saddle cost ^21 J; but the horse cost ^9 more than 
the saddle; required the price of the saddle. 

As the horse cost ^9 more than the saddle. 
The value of 2 saddles — ^21^ — .£9 » ^£12}; 

„ 1 „ = ^121 -T- 2 = jes 38. 4d» 

46. Divide 98. between two persons, so that one may have 4d. mora 
than the other. jins. 4s. 8d. ; 48. 4d* 

47. A and B start a journey at the same time, and from the samor 
place, in opposite directions ; A travels at the rate of 3f miles an hoiir» 
and B 2ji miles an hour. In what time will they be 40 miles apart? 

Rate per hour at which they recede from each other ^ 3f + 2§ 
«B 6 J miles; .•. No hours required = 40 -7- 6J = 6|. 

48. What distance would they be apart in 5^ hours ? ^nt. 34§ miles. 

49. Supposing the men (Ex. 47) to travel in the same direction, ia 
what time would they be 20 miles apart? j^n$. 16 hours. 

50. How many persons may receive each Ij^s. out of £S^? Ans. 72. 

51. A person engaged a labourer on condition of paying him 2s. for 
every day he should work, and of charging 9d. for his board every day 
he should be idle. Now at the end of 4 weeks, or 24 days, the labourer 
was entitled to 37s. How many days did he work? 

If he had worked for the whole time, he would have been entitled to 
28. X 24 ss; 48s. ; therefore, the loss from idleness ss 48s. — 378. ^ 
1 Is. ; but the loss from one idle day == 2s. + 9d. == 2f s. ; 

.'. No. idle days = lis. -J- 2}s. « ll-4-2|=ll x 'A=»4; 
.'. No. working days = 24 — 4 ss 20. 

52. Required the same as in the last example, when the wages are 
2s. 8d. per day, the charge for board lOd., and the sum due 43s. 

Am, 18. 

DECIMAL FRACTIONS. 

25. In decimals, or decimal fractions, the common scale of integer 
notation is carried below unity, a point being placed where the fractional 
parts begin. Thus 23*46 reads 2 tens + 3 units + 4 tenths + ^ 
hundreths, or 20 + 3 + t!; *^ t8o* '^^^^ extension of the common 
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nnmeration scale is only another way of writing down tenths, hun- 
dredths, thousandths, &c. It enables as to apply the foar simple rales 
of integers to fractional expressions. 



I. Any decimal fraction may be written down in the ordinary form 

of a fraction by simply writing its figures for the numerator, and for 
the denominator writing 10, 100, 1000, &c., according to the number of 
decimal figures. 

Thus 4-26 - ttJ; -026 - ^; -46 1- ^ - |,. 

Proof. 4-26- 4 + A + Tfe-48 + « + *-»«§. 
•026-^ -h^-, Tift, 4- 



\ Any fraction having 10, 100, &c., for its denominator, may be 
written down as a decimal by simply setting down the numerator, and 
marking off by the decimal point as many figures, from the right, as 
there are ciphers in the denominator, prefixing ciphers if necessary. 

Tbas % — 3*64 ; and ^ — -0032. 

Proof . i8j - ^ + ^ + ,fc-3+.A+Tfc- 3-64. 

who ■■ TwSw "H TwW ■■ "rtw "t" TwW ^ '0032. 

fl8> A decimal is multiplied by 10, 100, &c., by moving the point 
one, two, three, &c., places to the right ; and on the contrary a decimal 
is divided by 10, 100, 1000, &c., by moving the point one, two, three, 
&e., places to the left. 

Thus '346 X 100 — 34-6 ; and '346 -f- 100 «- -00346. 
Proof. '346 X 100 » ^^ x 100 » ^ » 34*6. By Arts. 20 and 21. 
•346 ^ 100 - ^ -T- 100 - T^ - -00346. 

Placing ciphers after a decimal does not alter its value ; thus -3 is 
obviously the same as -30. But placing ciphers before a decimal 
decreases its value, and is equivalent to dividing by 10, 100, &c. ; thus 
•346 -f- 100 — -00346. 

fl9« To add and subtract decimals. 

Ride. We add and subtract decimals in the same manner as common 
integers, observing to place the units* figures under one another, so that 
the decimal points may be in the same vertical column. 

1. Add together 387, 2-68, -09. 

3*87 Here the addition of the hundredths gives fj^ an ^ 4- ^^ 

2-68 we, therefore, put 4 in the hundredths' place, and carry the 

•09 2 tenths to the column of tenths, and so on as in common 

. addition. 

6-64 

2. Subtract 2-564 from 5*132. 

5-132 Here, as we cannot take 4 thousandths from 2 thou- 

2*564 sandths, we borrow 1 hundredth or 10 thousandths from 

the 3 hundredths, and then 4 thousandths from 12 thou- 

2-568 sandths, and 8 thousandths remain. We have now to 
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take 6 hundredths from 2 handredths* or, as in common sabtraction, 
7 hundredths from 3 handredths, and so on as in common sub- 
traction. 

Exercises. 

1. -003 + 32-025 + 21-472 ; 21 + -05 + 3*842 + -018. 

2. 2-574 + 3-069 -f -099 4- 1*782 + -99 ; 3*1 + "8 + '72. 

3. 60 4- 1-005 + -08 + *95 + -845; 35*64 -f- '06 + '3. 

4. 3 — *04 ; 1 — . *002 ; 1 1*1 — 2*03 ; *045 — .03. 

5. 1-4 — -805; 36'1 — 5-6; 61 — -273; 1-27— -87. 

Answers, (1.) 53*5; 24*9. (2.) 8*514; 4-62. (3.) 62*88; -36. (4.) 
2-96; -998; 9*07; -015. (5.) *695; 30*5; 60-7*27 5 -4. 

30. To multiply and divide decimals. 

Rule.mTo multiply decimals. Multiply as in common ivhole namben, 
and mark off in the product as many decimal places as there are in the 
multiplier and multiplicand together. 

1. Multiply 2*042 by 2-3. 

2042 Here there are three decimal places in the multiplicand 
2-3 and one in the multiplier, therefore we mark off four in the 
product. 

^^126 p,oof^ 2-042 X 2-3 = fJJJ X 13 = W = 4*6966. 



4-6966 

2. -0024 X '00012 » *000000288. Here, as the product does not 
contain as many figures as are required, the deficiency is supplied by 
prefixing ciphers. 

Rvle. To divide decimals. Divide as in ordinary division, and then 
mark off, in the quotient, as many decimal places as are equal to the 
difference of the number in the dividend and divisor. The reason of this 
rule is apparent, as it is precisely the reverse of that of multiplication. 

Thus 9*225 -r- 2*5 =« 3*69, where there are three decimal places in 
the dividend and one in the divisor; therefore we mark off two in the 
quotient. 

When the number of places in the dividend is the same as in the 
divisor, the quotient will be a whole number and no point will be 
required. Thus 1*48 -j- *37 — 148 -^ 37 = 4. 

Proof. 1*48 -^ -37 = iJ8 ^ ^5 = -Hi X '{f = W = 4. 

When the number of decimal places in the dividend is less than the 
number in the divisor, make them equal by adding ciphers to the 
dividend (which will not alter its value), and then proceed as in the last 
case. 

Thus 109-2 -J- -0012 « 109-2000 -5- *0012 = 1092000 -J- 12 « 91000. 

In order to carry on the divison, we must continue to' annex ciphers 
to the dividend until all the quotient figures are obtained, or a sufficient 
number of them. All the ciphers annexed must be counted as so many 
lamiced places. Thus to divide 3*2 by -56 we have ; — 
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'56 ) 3-20000 ( 6-714, &c. 

280 Here, coanting the ciphers annexed, we 

have five decimal places in the dividend 

400 and two in the divisor ; therefore ive mark 

392 off three in the quotient. By continuing 

to annex ciphers to the dividend, vi^e may 

80 continue the process as far as we please, 
56 for in this example the quotient figures 
will not terminate. 



240 
&c. 



Exercises. 



(1.) 30-075 X -16. (2.) -06042 X 40. (3.) 128-09 X -024. (4.) 
•26 X -04. (6.) 2004 X '25. (6) -016 X 2-125. (7.) 50-49 -^■ 2-2. 
(8.) 18-0023 -f- -087. (9.) 1 -4- -16. (10.) 41.296 -s- 5-8. (11.) 
•10324 -r- -29. (12.) -0402 -f- 134. (13.) 36 -4- 8-4. (14.) -02 X 2-5 
X 3-4. (15.) -05 X -04 X 50. (16.) -5 X -05 X '005. 

Answers, (i.) A'8l2, (2.) 2-4168. (3.) 3-07416. (4.) -01. r5)-501. 
(6.) -034. (7.) 22.95. (8.) 206-9. (9.) 6-25. (10.) 7-12. (11.) -356. 
(12.) -0003. (13.) -428571, &c. (14.) -IV. (15.) -1- (16.) -000125. 

31. To convert a fraction into a decimal it is only necessary to divide 
the numerator by the denominator, observing to annex ciphers to the 
Dumerator in order to continue the division. Thus to express |, j{|, -j^, 
in the form of a decimal, we have — 

8 ) 3-000 40 ) 3-00 16 ) 5-0000 

•375 — |. -075 — ^. •3125 — ^. 

The operation, in the last example, is best performed by long division, 
or by dividing successively by 4 and 4. When the denominator of the 
fraction is an aliquot part of 10, 100, 1000, &c., the result is readily 
obtained in the following manner: — 

A-AXl-T«!,=»-12;ft--S5X|-m = -296. 
Exercises, Reduce to decimals, J, |, -J^, ^, (J, f^. 

Answers, •75, -625, •4376, -09375, -1375, -078125. 

In some cases the division will not stop, but the same figures will be 
repeated continually in the quotient. Decimals of this kind are called 
Repeating or Circtdating Decimals^ and the portion repeating is called 
the Period or Repelend. 

1. Reduce |, J}, » ^i, ^ » ^, to decimals. 

3)2-000 9)2-1000 11 ) -30000 

-666, &c. -2333, &c. -02727, &c. 

For the sake of conciseness, circulators are expressed by setting dots, 
over the first and last figures of the repetend or period; thus, in the 
first example, the repeating figure is 6, and the circulator is expressed 

by '6 ; in the second example it is expressed by -23 ; and in the third 

example by -027. 
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When the period of the circulator begins immediately after the point 
it is called a pure circulator; all other circulators are called mixed. 

Thus *6 is a pure circulator, and '23 a mixed one. 

Any fraction, in its least terms, containing 2 or 5, or any powers of 
them, as factors in the denominator, can always be reduced to a termi- 
nating decimal ; but if the denominator contains any other factor besides 
those) mentioned, then the cori'espnnding decimal will not terminate, and 
the number of figures in the period can never exceed one less than the 
denominator. 

Thusij -■ •142857, where there are 6 figures in the period — that is, 
one lens than 7 ; -fg will be found to contain 18 figures in the period; 

but ^ ^ '076923, where there are only 6 figures in the period. 

3fl. To reduce a circulator to a fraction. 

Rule 1. When the decimal is a pure circulator, write the period itself 
in the numerator, and place in the denominator as many 9*s as there are 

figures in the period. Thus -2 7 = §5 — ^. 

Proof, } s: *lll, &c., therefore multiplying by an^ number less thaa 

9 — pay 4 — we get } := '444, &c. a= '4. 

Again jj^ -« ^ x J — A X '111, &c. « 'OlOlOl, &c., therefore multi- 
plying by any number consisting of not more than two digits — say 

23— we get H = -232323, &c. «= -23. 

In like manner gig = -rk X ^ »» '001001, &c., therefore multiplying 
by any number consisting of not more than three digits — say 234 — we 

get J^ » '234234, &c. >» *234. And so on. 

R%Ue 2. When the decimal is a mixed circulator. Regarding only 
the figures after the point ; for the numerator write down all the decimal 
figures to the end of the first period, subtracting the figures which do 
not circulate; for the denominator, write as many 9*8 as there are 
figures in the circulating part, followed by as many ciphers as there are 
figures in the part not circulating. 

Th«. *^ni , 234-2 232 
Thus -234- -^ — 

Proof, -234-^(2+ '34)«A(2 + S)- ^ ^ H^^ ^^ ^ 

2 (100 — 1) + 34 234 — 2 232 
990 ■* 990 "* 990. 

Exercises. Reduce to Tulgar fractions *3, *6, *24, *363, *49, '36, 
•194, -0153, 2-06. jins. J, §, i, ifj. J, ^, J, tHo. 2*. 

33. Calctdations with circulating decimals. 

In most cases a sufiicient accuracy may be attained by repeating the 
periods several times. 

1. Add together 3*5, 2'03, '67, 406. 
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3*5555 Here, from the coluinn not wjritten down, we mnst 

2*0333 obviooHly carry 1 to the next column. The sum is, there- 

*6767 fore, true as far as the figures here written. 

•4064 



6*6720 

2. From 2*0362 take *635, correct to 5 places. 

2*03623 Here we do not carry anything from the figures not 
•63563 written down, therefore the subtraction is true as far as the 
— — figures here given. 
1*40060 

In multiplication and division it is often best to reduce the circulators 
to fractions. 

3. -38 X -49 - fg X i - A - -194. 

4. 1-05 X *0027 = S X tAo =- 8& - -00287. 
6. '583 -r- *0227 — j^ -=- ,^j « 7 = 25J or 256. 

6. 6*5" -7- 2-05 = 5J -i- 2^ — i« X ^ — ^jff — 2-702. 

7. •27-^36-S-^?5=-§J-}. 

Exereisei, -5 X '3 ; '24 x 3*3; -36 X '49; 206* X *'3U; '6-:- -3; 
•oi53-5-'OOl7; 2*1 -4- '38. Am. -186; -8; *i8; -eij 2; 8-918; SJ. 

34. To find the value of a decimal of a given quantity. 

1. Find the value of 3*375 cwts. ; and iS5'3105. 

3*375 cwts. ie5-3105 



20 



1-500 qrs. 

28 

140 



6-2100 s. 
12 


2-52 d. 
4 


208 f. 



Ant, 3 cwts. 1 qr. 14 lbs. An». £5 6s. 2)d. 

In the first example, we multiply by 4 to bring the decimal part of 
cwts. to qrs., and then the decimal part of the qrs. by 28 to bring them 
to lbs., and so on. 

2. Find the value of ^2*45 ; and 3*63 of a day. 
£2''d » £2^ =z £2^ » £2 98. l^d. 

3 63 « 3SJ » 3^ days ^ 3 d. 15 h. 16 min. 21^ sec. 
Exerdiei. Find the value of ^£2-75: ^-65; 3-25s. ; 2'75d. ; 3*55 
guineas; £\''zh\ 2-35 tons; -25 yds.; 2*15 days; 1*55 crowns; 1*45 

acres; ^-o'e ; 2-49 ^t. Ans. £2 158.: 13s. ; 3s. 3d.; 2}d.; £Z 148. 6|d.; 
£"[ 78. 3frd.; 2 tons 7 ewt.; 9 in.; 2 d. 3 h. 36 min.; 7s. 9d. ; X ac. 1 r. 
32 p« ; Is. 4d. ; 2 ft. 6 in. 

c 5 
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35, To reduce ct given quantity to the decimal of another, 

1. Reduce 5s. djd. to the decimal of a pound. 

Here we bring the two farthings to the decimal 

of a penny by dividing by 4, which gives 'Sd. ; then 

prefixing the 4d., we bring 4'5d. to the decimal of a 

'/ '"'"" - ^ shilling by dividing by 12 ; and so on. 
X-26875 Jnt. ^ ^ o j » 



4 


20 


12 


4-500 


20 


5-3750 



129 
Or thus. 5s. 44d. = 64id. « ^? d. ^ ^-^^g^^ ^ = lU ^ = 

ie-26875. 

2. Reduce 5 yds. 2 ft. 7| in. to the decimal of a yard. < 

12 ) 7-80 =■ 7} Here we bring 7*8 in. to the decimal of a ft. by 

dividing"^ by 12, which gives '65 feet; then prefixing 

3 ) 2.660 the 2 feet we have 2 '65 feet to bring to yards, which 

we do by dividing by 3, and so on. 

6-883 yds. 

3. Reduce 2s. 6d. to the decimal of 10s. 6d. ; 7s. 6d. to the decimal of 

28. 6d. 30d. - 
^g. ^_^__ ^ 6 ^B '24 

10s. 5d. 125d. ^^ 
7s. 6d. -^£b=^ 7js. -7- 5008. = 7*5 -^ 600 = -015. 
When a concrete quantity is to be multiplied or divided by a decimal, 
the general rule is, first bring the quantity to a decimal of the highest 
unit in it, and then multiply or divide, as the case may be ; but it is 
often most convenient to reduce the concrete quantity to its lowest 
denomination, and then to multiply or divide ; as shown in the following 
examples: — 

4. Multiply and divide ^£'9 8s. 3d. by 6*74. 

^•9 8s. 3d. = .£9'4125; also ^9 8s. 3d. = 2259d. 
First, .£'9-4i25 X 6-74 = .£63-44025 = ^63 83. 9jd. 

2259d. X 6-74 =* 15225-66d. = ^663 8s. 9id. 
Second, .£-9-4125 -7- 674 = .£l-3965 = £\ 7s. lid. 

2259d. 4- 6-74 = 336-16d. = £l 7s. lid. 

Exercises. Reduce 

1. 2s. 3^d. ; 3jd.; 15s. 2|d.: 3 guineas ; 16jd.; 6}s. ; to the decimal 

of ^-1. Am, •114583; •015625; -759375; 3-15; -0675; '3125. 

2. 3d. ; 7id. ; |d. ; 2s. 1 Jd. ; d^d. ; 3Jd. ; to the decimal of a shilling. 

Ans. '25; -625: -0625; 2-15; -4583; -3. 

3. 7 lbs.; 1 qr. 3 J lbs. ; 2 qrs. 1 lb. 12 oz.; 22| lbs.; If Iba.; to the 
decimal of a cwt. Ans. -0625; -28125; •515625; -2; -016625. 

4. 1 qr. 2 nails ; 2 ft. 6J in. ; 2 ft. 3 in. ; 3J in. ; 2 yds. 1 nail ; to the 
decimal of a yard. Ans. -375; -85; -75; -1; 2-0625. 

6. 28 lbs. ; 1 cwt. 56 lbs. ; 1 qr. 7 lbs. ; 1 cwt. 14 lbs. ; to the decimal 
of4cwt8. Ans. -0625; -375; -078125; -28125. 

36. Problems in decimals. 

1. Express the sum and difference of -245 and -205 iu the form of a 
fraction. 
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2s Redace ^^ 3*,, ^, and | of If of 3*13, to decimals; aod the 
difiference of 5*274 and 5*024 to a fraction. 

3. Reduce ^ and 5^ to decimals ; *075 and *63 to fractions. 

4. Find the value of 2| + 6J + 6^ — 12J + 7^, both by vulgar 
fractions and by decimals, and show that the two results coincide. 

5. Multiply 2s. 8d. by 3*23, and divide the result by *8. 

3*23 
32 d. — 28. 8d. 

Or thut, 

646 32d. X 3-23 

969 Is 

40d. X 3*23 



•8 ) 103*36 d. ^ 129 ^d. - &c. 

129*2d. a- 10s. 9^. 

6. Multiply ^'5 4s. 3id. by 402, and add i£'2*316 to the result. 

7. Find the sum of 68. 7d. -J- 2*42, and 38. 3id. -4- 1-21. 

8. Multiply 1*6375 by 6*4 ; and divide -125 by -005. 

9. Multiply 128. l|d. by 85*3125 ; and divide j£*42 5s. by 29*25. 

10. Multiply 3 cwt. 6 lbs. by 5*125; and divide ^619507 9s. 4id. by 
234*5. 

11. What is the rent of 24*04 acres of land at ^2*25 per acre ? 

12. What decimal multiplied by '8 will give the sum of J, f^, |? 

13. Add together 4}, 2}, 6^, 22, 23.568, 3*G, '005. 

14. Reduce Is. 8^d. to the fraction and to the decimal of £1* 

16. Find the value of -375 + *624; -2 + **3; '4 -i- '2 ; '24 -^ **32 — 

•27 -7- *36 ; -363 -f- '242 ; (*6 — ?) -r- -01 ; (-27 — -ft) X '0011. 

16. Find the value of ^'18 9s. 4td. x '0184 -i- -023. 

17. Add together ^2*36, jei-54, 1-1258. and 6-75d. 

18. 40*85 at £2 5s. Ifd. ; 259*8 at ^8*64 ; 163*7 at ^"34. 

19. Find the fraction equivalent to -75 + *25 — -45 + •15. 

20. Find the value of 1*6375 oi£^ ; and 2 175 of ^^20. 

21. Find the value of 5s. 4d. X 3*48 + 16d. X 1*74 — 4s. X '87. 

22. I of 1*3125 guineas; ^6*27 X '22; ^•63-j-*'l8. 

23. 2-248 X 4-68 X 4-4 X 5 -J- 1*56 X '562 X 8^8 = 

Answers, (I.) ^g, 4. (2.) -56, -04, •15, 1*7215; J. (3.) •0681; 

6-10714285; :g,; ^. (4.) 9| = 9*375. (6.) ^'23 5s. 6jd. (7.) 58. Sjd. 
(8 ) 10*48 J 26. (9.) ^-61 14s. 4jd. ; £\ 88. 10|d. (10.) 15 cwt. 2 qrs. 
16} lbs.; ^£'83 3s. 9d. (11.) ^654 Is. 9Jd. (12.) -12.5. (13.) 42-8979. 
(14.) a; -084375 (15.) 1 ; J; 2; O5 IJ ; 17^; -0001. (16.) 
^14 15s. 6d. (17.) ^3 19s, lOjJd. (18.) ^'92 3s. 9id. ; ^2244 13s. Sjd. ; 
i£55 138. ip. (19.) t5j. (20.) J&8 3s. 9d.; ^'43 lOs.- (21.) 17s. 4|d. 
(22.) ^1 28. OJd. ; Is. 2|d. ; ^£'3 10s. (23 ) 30. 
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PRACTICE. 

37. Practice is an expeditious method of finding the value of any 
qaantity of merchandise, the value of an unit being given. The following 
aliquot parts will be readily remembered : — 

lOs. « i ^ 6s. 8d. ae J ^ 6d. » ^s. 4d. a Jg. 

58. ss I ^ 3s. 4d. » I ^ 3d. » ^s. 2d. = Js. 

28. ed. ^i£ Is. 8d. » ^ ^ IJd » |s. Id. =^ ^s. 

1. Find the price of 214 articles at £Z each. 

Value 214 at X'] ^ £2U, 
.*. Value 214 at .£'3 ^ 3 times i£'2]4 » je642. 

2. Required the value of 81 lbs. of tea at 7s. per lb. 

Value 31 at Is. = 31s. 
.•. Value 31 at 7s. = 7 times 3l8. «= 2178. = jglO 17s. 

3. Find the value of 117 at ^5 ; 57 at ^8 : 41 at 3s. ; 17 at 6s. 

Answers. ^'585 ; ^'456 ; ^6 3s. ; ^*5 2s. 

4. Find the value of 321 articles at 5s. each. 

Here 5s. is the fourth of c£'l. JS321 
321 at ^1 =- ^321. 68. = i I 80 5 
321 at 5s. = i of je321 = ^80 5s. * ' 

5. Required the value of 672 yards of cloth at 6s. 8d. per yard. 

Here 6s. 8d. is the third of jei. <£'672 
672 at .ei « ^672. 6s. 8d. = I P224 
672 at 6s. 8d. = J of ^672 = ^6224. ^ ' 

6. 274 at 4s.; 375 at 3s. 4d. Answers. J854 163.; ^'62 10s. 

7. Find the value of 123 at £4 5s. each. 
Here 5s. is the fourth of c£l. £ 

123 at £i = 123 

4 

123 at ^4 = 4 times jei23 » 492 

123 at 5s. » the 4th of JS123 » 30 15 58. 

.*. 123 at £4: 6s. = 522 15 d£522~l5 

8. 217 at j63 10s. ; 36 at £2 4s. Answers, £15d 10s. ; £*ld 4s. 

9. Required the value of 248 at 7s. 6d. 

7s. 6d. = 5s. + 2s. 6d. ; 5s. is the ^th. of £l ; 28. 6d. the Jth of £l, 

248 at £i « ,£248. 248 

248 at 5s. = | of JS248 » ^'62 58. ^ 

^*H3 




248 at 2s. 6d. = } of ^'248 =« 31 28. 6d. = | L_31 



/. 248 at 7s. 6d. « ^693 

Or thus. In the foregoing solution both portions of the price are taken 
as aliquot parts of £i ; but in the following solution one portion is 
taken as an aliquot part of the other — that is» the value of 2s. 6d. is 
taken as the half of the value of 5s. 

248 at 68. = } of X-248 = <£62 248 

248 at 2s. 6d. = i of £62 ^ £61 5s. = J 

2s. 6d. ^ i 



62 
31 
at 78. 6d. « ^93 * j^gj 
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Or thut. First multiply the number of articles by the 78., and taking 
6d. as the half of Is., we have 

248 at Is. — 2488. 248t. 
7 7 

248 at 78. — 7 times 2488. — 1736 

248 at 6d. — i of 2488. » 124 6d. — i 



1736 
J 24 



2,0 ) 186,0 2,0 ) 186.0 

248 at 7s. 6d. — i&'93 ^£93 

10. 213 at 128. 6d. ; 37 at 28. 4d. Jniwers, £IZZ 28. 6d. ; £A Ss. 4d. 

11. Required the value of 26 at 68. 9d. each. 

Here after multiplying by the shillings, the remainder of the price 9d. 
a* 6d. + 3d. ; then 6d. is the half of Is., and 3d. is the half of 6d. 



26 at Is. » 268. 
_6 
26 at 6s. —I 6 times 26s. >« 156 
26 at 6<J. — 4 ot 26s. »- 13 
26 at 3d. — J of 13s. —66 



6d. — 
3d.» 



268. 
6 

166 
13 
6 6 



2,0 ) 17,5 6 2,0 ) 17,5 6 

.*. 26 at 6s. 9d. — J68 15 6 £b 15 6 

Or thut. This question may be solved more concisely by taking 9d. as 
the aliquot part of 6s. ; the 9d. being the eighth of 6s. 
26 at 6s. K 6 times 268. ■« 156s. 
26 at 9d. — Jth of 1568. — 19 6 



2,0)17.5 6 
£Q 15 6 



9d. — i 




2,0 ) 17.5 6 

£8 15 6 

When the price consists of shillings and pence only, it is generally 
best to multiply the number of articles by the shillings, and take the 
aliquot parts for the pence, as in the foregoing solutions. 

12. 412 at 5s. lOd. ; 702 at 3s. 9d. ; 513 at 88. 8d. ; 36 at 5s. 5d. 

Jnswert, ^£120 38. 4d. ; ^6131 128. 6d. ; iS222 6s. ; £d 158. 

13. Find the price of 87 cwt. of coffee at £5 7s. 4d. per cwt. 

• Here we take 78. 4d. >* 4s. + 38. 4d.; 4s. is the fifth of £l; and 
38. 4d. is the sixth of i6l. 

87 at £1 — ie87 
6 

87 at iS5 — 5 times £Q1 » 435 

87 at 48. — iofie87 — 17 

87 at 3s. 4d. — J of ^687 — 14 

.*. 87 at £5 7s. 4d. — X'46ti 



£S1 
5 



8 
10 



48. 

38. 4d. 



r436 
1 17 8 
il 14 10 



18 



A'4r)b Id 
and 8d. 



Or thu8, 78. 4d. — 6s. 8d. + 8d. ; 6s. 8d. is the 3rd of £] 
is the 10th of 6s. 8d. 

87at^i ^£81 
J5 

87 at JS5 =5 times ^'87 =» 435 
87 at 6a. 8d. » i of ^'87 =» 29 
87 at8d. — A of ^629 — 2 18 

£466 18 i:466Tl8 



68. 8d. s i 
8d. = T^ 



£87 
^6 

435 
29 
2 18 



38 
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14. 221 at £Z 128. 6d. ; 357 at £2 88. 4d. ; 116 at £6 38. 8d. 

AruiDers. ^801 28. 6d.; ^862 158. ; ^'717 5s. 4d. 
16. Find the value of 260 at £2 lis. I^d. 

lis. lid. ^ 10s. -f Is. + 6d. 4- Ud., where Is. is the 10th of lOs., 
6d. the half of Is., and \\d. the 4th of 6d. 
260 at ^1 »ie260 



2 

520 

130 

13 

6 

1 



^-260 
2 



10 
12 6 

2 6 





520 


10s. = J 


130 


6d. =" 5 


13 


6 10 


lid. « i 


1 12 6 



^'671 2 6 



260atje2 » 2 times ^260 » 
260 at 1 Os. =» i of J£260 » 
260 at Is. -=^ofie-130 « 
260at6d. =iofiei3 « 

260 at lid. «= J of ^-6 10s. — 

260 at £2 lis. 7id. »^-671 

The aliquot parts should, if possible, be taken, so that none of the 
divisors shall exceed 12. 

16. 32 at £^ lis. 8id. ; 27 at £Z 163. 8d. ; 36 at J£10 10s. lOd. 

Aruwers. £U4: 14s. 8d. ; ^'103 10s.; ^8379 lOs. 

17. Find the value of 213 at lOd. ; 42 at 7s. 2id. 

lOd. = 6d. + 4d. ; 6d. » i of Is.; 4 » J of Is. 

213 at Is. « 2^138. 213 

213 at 6d. » i of 2138. » 106 6 6d. 

213 at 4d.-: I of 2138. « 71 



1 
4d. = 4 



106 6 
71 



2,0) 17,7 6 
213 at lOd. = jes 17 6 



2,0 ) 17,7 6 



^8 17 6 

Again, after finding the value at 7s., the remainder of the price, 
2id. » 2d. + id. ; then 2d. =« J of Is. ; and id. =: ^ of 2d. 

42 at Is. ^ 42s. 42 

7 7 



42 at 7s. s 7 times 42s. » 294 
42at2d. =« Jof42s. =^ 7 
42 at id. « i of 78. = 1 9 

2,0 ) 30,2 9 



2d.=.i 
id.=i 



294 
7 
1 



2,0 ) 30.2 9 
^•15 2 9 



42 at 7s. 2id. »= £15 2 9 

18. 32 at 8d. ; 231 at 4d. ; 371 at 3d. ; 36 at 7d. i 306 at 19s. 6id. 
Answers. £l Is. 4d.; ^'3 17s.; ^-4 128. 9d.j £l Is.; iB298 19s. 9d. 

When the price is a whole number of pounds, or a whole number of 
shillings, less by some aliquot part of a pound or a ehilling, as the case 
may be, the calculation is generally very much simplified by calculating 
for the whole number and then subtracting from the result the value of 
the price added to the true price, as in the following examples ; — 

19. Find the value of 75 at j£4 178. 6d. ; 96 at 7s. lid. 

Here the price, in the first example, is 28. 6d. less than ^£5, and 
2s.6d.«iof J&'l. 

75at^l-=je75 ^75 

6 5 

75 at ^5 = 5 times ^675 =^ 



375 
75 at 2s. 6d. » i of ^'75 =:■ 9 7 6 

75 at je4 17s. 6d. = .£365 12 6 



28. 6d. « i 



375 
9 



7 6 



• • 



^'365 12 6 
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Again, the price, in the second example, is Id. lets than Ss., and 
Id. ssB -^ of Is. • 

96 at Is. — 96s. 96 

8 8 

96 at 8s. s 8 times 96s. » 768 768 

96 at Id. » 1^ of 96s. » 8 Id. — ^ 8 

2,0 ) 7M 2,0 ) 76,0 

96 at 7s. lid. » ^38 £SS 

20. 649 at ^3 18s. 4d.; 181 at ^5 16s. 8d.; 23 at 6s. lOd.; 57 at 
9s. lO^d. ; 84 at 4s. lO^d. Aruw^g. ^2541 18s. 4d.; ^61055 16s. 8d. ; 
£1 178. 2d. ; ^'28 2s. lO^d. ; je20 9s. 6d. 

When the price is nearly a whole number of pounds or shillings, it 
will be often most convenient to calculate for the whole number, and 
then subtract from the result the value of the part added to the true 
price ; ad in the following examples: — 

21. 83 at £A 9s. 11 jd. ; 98 at 2s. Ud. 

Here the price only wants \d, to make £A lOt. 

83 at ^1 » £8^ 

4 



83 at ie4 » 4 times £8Z « 332 
83atl0s.»iof^83 » 41 


10 


83 at £A 10 ^ 373 
83 at }d. ^ 

83 at £A 9s. lljd. » je373 


10 
18t 

8 31 



In the second example, the price only wants Id. to make 3s, ; then 
98 at 2s. lid. =98 X 3s.— 98 X ld.= 294s.— 8s. 2d. = ^14 5s. lOd. 

22. ]05 at ^9 19s. lid.; 92 at £l 9s. lljd.; 48 at £4: 3s. lOd.; 
72 at4s.lld.: 846at7s. llfd. Aruwers. ^61049 lls.3d. ; ^689 18s. Id.; 
^201 4s.; jei7 14s.; je337 lOs. ^6. 

Sometimes the calculation is simplified by taking the same aliquot 
part twice ; as in the following examples : — 

23. 221 at ^3 13s. 4d. ; 291 at 8d. 

Here 13s. 4d. » 6s. 8d. + 6s. 8d. ; and 68. 8d. » J of £l, 

221 at £1 » ^221 

3 

221 at £3 = 663 
221 at 6s. 8d. = j of JS22] =» 72 13 4 
221 at 6s. 8d. » „ =» 73 13 4 



221 at ^63 13s. 4d. = JSSIO 6 8 
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In the second example, 8d. as 4d. + 4d. ; and 4d. ■* | Is. 

291 at l8. as 291s. 

291 at 4d. « i of 2918. » 97 
291 at 4d. — „ SB 97 

291 at 8d. ^ 194 = £9 148. 

24. 200 at £A 1 Ss. 4d. ; 892 at 4s. 8d. ^tu, £dZZ 68. 8d. ; J6208 2s. 8d. 

Sometimes the shillings and pence in the price may be taken as 
an aliquot part of the pounds in the price ; and similarly, the pence and 
farthings in the price may be taken as an aliquot part of the shillings in 
the price. In such cases the calculation may be often much simplified; 
as in the following examples : — 

25. 225 at £5 12s. 6d. ; 122 at 3s. 9d. 

Here 128. 6d. » } of £5. And in the second example 9d. » ^ of 3s. 

^22.5 122s. 

5 3 



1125 366 

12s. 6d. » i 140 12 6 9d. « } 91 6 



jei266 12 6 2,0 ) 45,7 6 

iS22 17 6 

26. 321 at j64 16s.; 23 at 58. I^d, ; 133 at 28. 8d.; 40 at ^'3 15s. 

Answers. ^1540 168. ; £Q 9s. 4id. ; £\1 14s. 8d. ; iSlSO. 

In the following examples the quantity contains a fraction: — 

27. Find the value of 192§ at £5 12s. 6d. each. 

Here we first Rnd the value of the whole number, 192, as in the 
foregoing examples, and then add the value of § of the price of one 
article. 

192atiei «iei92 192 

5 __6 

960 
96 
24 
3 15 



192atje5= 960 ,«„ , 

]92atl08. — Jof 192 ^ 96 o« c^* — ! 

192 at 2s. 6d. = J of ^96 = 24 ^^' j^^ 2 



• • 



192 at je5 128. 6d. == 1080 ^61083 16 
i of £5 128. 6d. « 3 15 

192} at £5 12s. 6d. = J91083 15 

Where the value of § is found by multiplying £5 128. 6d. by 2 and 
dividing by 3. 

28. 382; at £2 9s. 6d.; 247§ at £2 168. 8d. ; 139| at 16s. 8d. : 
1174 at 12s. 4d. ; 495i at £4 123. 6d. Answers, ,£946; ^700 19s. 4d. ; 
^116 28. Ud.; ^72 9s. 2d.; ^'2290 6s. 

When the quantity only wants one fractional part to make it an 
integer, it is often best to calculate for the value of this integer, and 
subtract the value of the fractional part which has been added. 
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29. 2811 at iSa 16s. ; 572} at 1%. 3|d. 
iS282 
3 

846 
141 
70 10 



.-1 



108 
58 

For 282 1057 10 
For J 9 Aj 

For 2811 jei057074 



3d. 



573 

7 

4011 
143 3 
23 lOj 



For 573 4178 ]| 
For J 1 9} 

2.0 ) 417.6 3t 

For572| ^£208 16 Sf 



In the first example, we calculate for the value of 282, bat as this is 
i too much, we subtract from it the value of ). 

30. 29| at £2 58. 4^. ; 69| at 88. 4d. Am. Ml 168. 2id. ; 
£2{i Is. dd. 

In the following examples, all the terms of the quantity are not in the 
same denomination : — 

31. Required the value of 7 lbs. 10 oz. of tea at 28. 6d. per lb. 

s.d. 
Value 1 lb. a- 2 6 

7 



Value 8 oz. 
Value 2 oz. 



:} 



Value 7 lbs. — 17 6 
of value 1 lb. «" 13 
of value 8 oz. ^ 7^ 



/. Value 7 lbs. 10 oz« — 19 4^ 

32. Find the value of 2 cwt. 3 qrs. 1 6 lbs. at £2 16s. 6d. per cwt. 

2 16 6 » Value 1 cwt. 
2 

2 cwt. 

2 qrs. or I of 1 cwt. 

1 qr. or J of 2 qrs. 
14 lbs. or I of 1 qr. 

2 lbs. or .( of 14 lbs. 

2 cwt. 3 qrs. 16 lbs. 

33. Find the value of 122 cwt. 2 qrs. 11^ lbs. at £5 12s. 6d. per qr. 

122 cwt. 2 qrs. 11^ lbs. — 490 qrs. 11) lbs. 

£ £b. 6. 
490 Value Iqr.— 5 12 6 
5 





5 13 » 


»» 


2 qrs. ■■ i 


1 8 3 « 


f» 


1 qr. « 1 


14 U — 


>» 


14 lbs. -« { 


7 of — 


>i 


2 lbs. — ]^ 


1 — 


*» 


J 


29 3 5} — 


>» 



108. ->i 

28. 6d. — { 
fori 14 lbs. 


2450 
245 
61 5 
2 6 2i| 


i 


£•2768 11 2^i 



Value 7 lbs. ■« }■ of 1 qr. ■« 1 
4 lbs. 
ilb. < 



8 



>» 



»> 



fof Iqr. « 16 Of 
fof4lb8. ^ 2 OJI 



A Value Hi lbs. -^ ie2 6 2^ 

Here we first calculate, in the usual manner, the value for 490 qrs. 
and to this we add the value for 11) lbs. 
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34. 6 lbs. 8 oz. at 6s. 8d. per lb. ; 3 cwt. 2 qrs. 8 lbs. at £3 48. 8<i. 
per cwt.; 75 cwt. 3 qrs. 12 lbs. at lis. 8d. per qr. ; 34 cwtl 1 qr. 3^ lbs. 
at <£1 38. 4d. per qr. 

Answers. £l 16s. 8d.; ^U 10s. 11^.; ^177; ^6159 19s. 7d. 

When the quantity is equal to an integral number of the units, whose 
price is given, less by 8ome aliquot part of a unit, the calculation maybe 
simplified by calculating for the value of the integral number, and then 
subtracting from the result the value of the part which this integral 
number is in excess of the proposed quantity; as in the following 
examples : — 

35. Find the value of 11 qrs. 21 lbs. at 168. 8d. per qr. 

Here the quantity wants 7 lbs. to make it 12 qrs., and 7 lbs. ib ^ of 
1 qr. Hence we proceed as follows : — 

8. d. 

16 8 = Value 1 qr. 
12 



10 Oae „ 12 qrs. 
7 lbs. = 1 4 2= „ 7 lbs. or J of 1 qr. 

^9 15 10 =» „ 11 qrs. 21 lbs. 

36. 3 qrs. 24 lbs. at 14s. 7d. per qr. ; 1 qr. I lb. 12 oz. at 5s. lOd. 
per lb. Answers, £2 16s. 3d. ; ^8 13s. e^d. 

When the quantity is nearly an integral number of the units, whose 
price is given, it will be often most convenient to calculate for this 
integral, and then subtract from the result the value of the part which 
this integral number is in excess of the proposed quantity ; as in the 
following examples : — 

37. Find the value of 7 lbs. 15| oz. at ^1 4s. 8d. per lb. 

£ 8. d. 

14 8 

8 



9 17 4 = Value 8 lbs. 
4t= „ Joz. 

^9 16 11}= „ 7 lbs. 15} oz. 

Here the price of the lb. divided by 16, or by 4 and 4, will give the 
price of the oz., and this result divided by 4 will give that of the ^ oz. 

38. 3 cwt. 2 qrs. 27j lbs. at ^2 16s. per qr. ; 1 cwt. 3 qrs. 16 lbs. 15§ oz., 
at 5s. 4d. per lb. Answers, £U 19s. 7Jd. ; £bQ 15s. 10§d. 

TARE AND TRET. 

38. The gross weight is the weight of both goods and packages. 

Tare is an allowance made to the buyer for the weight of the package, 
either at so much per box, barrel, &c., or at so mudb per cwt. In the 
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former case the Tare is found by maltiplication ; in the latter case by 
practice. 

Tret is an allowance of 1 lb. in 26 lbs., or ^ of the weight, given on 
goods liable to waste. 

Cloff is an allowance (after Tare and Tret have been dedacted) of 2 
lbs. OQ 3 cwt., given to retailers for turning the scales. 

Suttle is the name given to the remainder, after any of the foregoing 
allowance has been made. 

Net weight is what remains after all allowances haie been deducted. 

1. What is the net weight of 6 chests of tea, each 3 qrs. 8 lbs., tare at 
22 lbs. per chest? 

cwt. qr. lbs. 

3 8 
6 



4 3 20 gross 
22 lbs. X 6 s 1 20 tare 



Onet 



2. What is the net weight of 42 hogsheads, each 64 cwt. 3 qrs. 10 lbs., 
tare at 74 lbs. per hogshead ? Aru, 2696 cwt. 2 qrs. 

3. What is the net weight of 59 casks of butter weighing 42 cwt. 1 qr. 
9 lbs., tare at 12 lbs. per cask? Ant. 36 cwt. qr. 1 lb. 

4. What is the net weight of 168 cwt. 1 qr. 21 lbs., tare 21 lbs. per 
cwt.? 

cwt. qr. lbs. 

168 1 21 gross 



14 lbs. « i 
1 lbs. » 1 


21 
10 2 


64 



31 2 9^ tare 



136 3 lljjnet 



5. Required the net weight of 1573 ewt. 3 qrs. 14 lbs., tare 24 lbs. 
per cwt. Ans^ 1236 cwt. 2 qrs. 13 lbs. 

6. Required the net weight of 18 bags of raisins, each 17 ewt. qr. 
10 lbs., tare 14 lbs. per cwt. Ans, 269 cwt. qr. 17j| lbs. 

7. Required the net weight of 57 cwt. 1 qr., tare 12 lbs. per cwt. 

cwt. qr. lbs. 

57 1 gross 
3 



28 ) 171 3 
12 lbs. « ^ of 1 cwt. 6 15 tare 

51 13 net 
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Or thus. Tare for 57 cwt. = 12 lb». X 57 »» 684 lbs. 
„ 1 qr. -B ^ of 12 lbs. « 3 

— cwt. qr. lbs. 
Tare 687 « 6 15 
Gross 57 1 



Net 51 13 



8. Required the net weight of 16 cwt. 1 qr. 4 lbs., tare 17^ lbs. per 
cwt. Am. 13 cwt. 2 qrs. 27 lbs. 

9. Required the net weight of 16 cwt. 2 qrs., tare 16 Ibs.per cwt. and 
tret as usual. 

cwt. qrs. lbs. 
16 2 gross 
16 lbs. «: .( 2 1 12 tare 

26 } 14 16 suttle 
2 4}§ tret 

13 2 linnet 

10. Required the net weight of 6 cwt. 1 qr. 14 lbs., tare 14 lbs. per 
cwt., and tret as usual. Ans. 5 cwt. 1 qr. 12 lbs. 

11. Required the net weight of 2 cwt. 1 qr. 14 lbs., tare 8 lbs. per 
cwt., and tret as usaal. Ans. 2 cwt. qr. 13^ lbs. 

12. Required the net weight of 31 cwt. 3 qrs. 12 lbs., tare 7 lbs, per 
cwt., tret and cloffas usual. 

cwt. qrs. lbs. 
31 3 12 gross 
7 lbs. — > 1^ 1 3 27 tare 

26 ) 29 3 13 suttle 
1 16 tret 



168 ) 28 2 25 suttle 
2 lbs. » yi, of 3 cwt. 19 clofif 

28 2 6 net 



13. Required the net weight of 79 cwt. 3 qrs. 14 lbs., tare 18 lbs. per 
cwt., tret and cloff as usual. Aiu. 64 cwt. qr. 8 lbs. 

14. Required the net weight of 7 hogsheads of tobacco, each 11 cwt. 
qr. 14 lbs., tare 8 lbs. per cwt., tret and cloff as usual. 

Ans. 69 cwt. qr. 13 lbs. 

39. RULE OF THREE. 
(Where a knowledge of fractions is required.) 

1. If the carriage of 2J cwt. for 26 miles be 6s. 5d., what would be the 
charge for 1 cwt. for the same distance ? 

Cost for 2 J cwt. = 6s. 6d. 
Taking the weight 4 times to get rid of the fraction, 
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Co8t for 11 cwt. » 68. 5d. X 4 ss 25t. 8d. 

„ 1 cwt. >-> t*! ^'^ 2^* ^* = ^* 4d. 
Or <Au«. 2} — V : then 

Cost for y cwt. BB 68. 5d. 
.*. M i cwt. ^-fjof 68. 6d. ■■ 7d. 

„ 1 cwt. s 7d. X 4 » 28. 4d. 
Or we may at once write down, 

Cct for 1 cwt. - «1^ - 5fl^ili - &c. 

2} 11 

2. If the carriage of ^0| cwt. for Si miles be 78., to what distance 
should 7{| cwt. be carried for the same money? 

Distance for 10] cwt. ss 81 miles. 

>, 1 „ — 8; miles X lOf. 

H „ -?i2^ miles. 

3. If 2{ cwt. cost j£l|, what cost 20j cwt.? 

By fractions. 2| — V I 20| — »f ; 1| — J; then 

Co8t20i- .e^lJ^^ ^iiiJ!, ^ 5 X 102 X 8 
v,os*^, 2| * =a * 21X3 X6 

— iei2 198. efi. 

By decimals. 2| *■ 2 625 ; 20} >« 20*4; then 

CO'* ''■' - ^ FySs - * 7^ - ^'2 '«•• °<^- 

4. If 3 cwt. 2 qrs. cost £2 12s. 6d., what cost 2 cwt. 3 qrs.? 

3 cwt. 2 qrs. ■« 3^ cwt. ; 2 cwt. 3 qrs. »" 2| cwt. ; then 

Cost 2} cwt. — £2 12s. 6d. x ^ — £2 128. 6d. X ^^ — £2 Is. 3d. 

3j 

(Questions of this kind may be solved without fractions, as in Ex. 16, 

Art. 6 ) 

5. If 2 cwt. 2 qrs. 14 lbs. cost 26s. 3d., how much may be got for 
42s.? 

2 cwt. 2 qrs. 14 lbs. » 2{ cwt. $ 26s. 3d. » 26^8. ; then 
No cwt. for 264s. » 2|. 



»» 



428 ^ 2gX42 21 X42 

*^*- 26r 210 **• 



Or thus by decimals. 2{ » 2-625 ; 26^ >-> 26*25 ; then 

No. cwt. for 42s. ^ 2;625X£2 ^ ^.^ or 44. 

26-25 • 

6. If 5i cwt. cost £8\, what cost ^ cwt. ? ^i». £^ 168. 

7. If an ounce of silver cost 6^8., what cost 8^^ oz.? Aru. £2 138. 5^6. 

8. How many reams of paper can be bought for ^'60, at the rate of 
^630 12s. for 26 reams? JfU. 50ff 

9. If ^, of a lb. cost 2s., what cost ^ of a cwt.? An$, £1 Os. 10^. 

10. If 6s. 3d. purchase 1} lbs. of tea, how much can be got tor 
£1 158.? An$. 34 lbs. ll^J oz. 

11 . How many yards of cloth can I buy for iSll4 68. Z^d* at the rate 
of 178. 6d. for 2J yards ? Am. 
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12. Boaght 7^ doz. of port at ^1 12s. 6d. per doz., and 27 doz. 2 
bottles of porter at 10s. 6d. per doz. ; required the amoant of the bill. 

Ans, ^£-26 9s. 

13. What cost 622 lambs, at J69 8s. l^d. per score? 

Jm. ^292 10s. 8^. 

14. If the rent of 6 acres 1 r. 15 p. be J£14 48. 4^d., what will be the 
rent of 29 acres 3 r. 30 p. at the same rate ? Ans. £61 2s. O^d. 

15. If the rent of a farm of 99 acres r. 32| p. be ^'370 7s. 2d., wh&t 
is that per acre? Arts, J83 14s. 8d. 

16. If the repairs uf a street } of a mile long be £'6 148. 9d., what 
part of the expense should be paid by the owner of a house having a 
frontage of 9J yds. ? Aru. ] s. o|d. 

17. Required the cost of 19 cwt. 3 qrs. 27 lbs., at £2 8s. lid. for 
1 cwt. 23^ lbs. Ans. £^0 8s. Z^. 

18. A servant enters service on August 15th and quits it on Jan. Ist 
following, what ought he to receive at the yearly wages of 5 guineas ? 

Ans, £i 19s. lljd. 

19. If 24*7 lbs. cost 14*8s. how many lbs. can be got for ^12*6835 ? 

Am. 423*35465. 

20. How much wheat will be required to sow a field containing 6*24 
acres, allowing 2^ pecks of wheat for every 3 roods? Ans. 20*8 pecks. 

21. If the carriage of 17 cwt. for 16§ miles cost £2, how far can I 
have 41 cwt. carried for the same money ? Ans. 68 miles. 

22. If a mass of silver be worth ^£'7200 when silver is at 6s. 8d. per. 
oz., what is its worth when silver is at 68. per oz. ? Ans. ^6480 

23. If the population of a town be 5600, and the number of children 
at school at 630 ; what per cent, of the entire population were at school? 

' Ans. 11 J. 

24. How many lbs. of tea can be bought for ^'14 16s. lOjd., when 7| 
cwt. cost ^436 8s. l^d. ? Ans. 285^ lbs. 

25. What is the value of 3 cwt. 3 qrs. 23 lbs. of sugar, at 2s. 24d. for 
6ilbs.? Ans. £8 16s. 2jd. 

26. Bought { of a property, and sold j of my share for ^'420 ; what 
was the whole property worth ? 

Portion sold = J of | = J; then we have — 
Value of I = ^6420. 

,» i « ^T = ^140. 

„ 1 or the whole = jei40 X 8 = ^1120. 

27. What length of paper If feet wide will cover a wall 15 feet by 
91 feet? 

Bringing the fractions to the same denominator, we find 

lj = 3 = ?i;9i = f =- W; then 

Length of paper ^ ft. wide « 15 ft. 

,» ^ „ « 15 ft. X 112. 

a „ - — ~ii? ft. = 80 ft. 
Or we may at once write down. 

No. ft. 1 i ft. wide - li^J _ '±^-.f - ll><J!iii „ 
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28. If the sixpenny loaf weigh 3 Ihs. when wheat is 68. 6d. per bushel, 
what should it weigh when wheat is 6s. per bushel ? 

Weight of loaf when wheat is 6^s. sk 3 lbs. 

„ „ Is. =« 3 lbs. X 6J. 

6s. = ?-^^-^ lbs. - 3i lbs. 

D 

29. A bankrupt's effects amounted to ^490 68., with which he paid 
13s. 4d. in the pound ; required the amount of his debts. 

Debt when the payment is ^§ ss ^1. 

je490j = jeg X 490J — ^6735 7s. 6d. 

30. If I expend J6523 12s. in shares at 95^ per cent., and seU at 86}, 
how much do I lose ? 

Loss on ^95} =» ^95^ — ^86] — je8^. 

„ ie523j — -68* X ^ — je46 18s. 8d. 

31. Supposing a man's wages to be regulated by the price of com, 
and that he receives 2s. 6d. a day when the corn is 6s. lOkl. per bushel, 
what will he receive when the com is 4s. 7d. per bushel? 

Wages when com is 70d. per bushel «■ 28. 6d. 

„ 55d. „ =-2s 6d. X?J— 18. ll^d. 

32. If the shadow of a tower measure 64*4 feet, and that of an 
upright post 6 feet high, 4*2 feet, required the height of the tower. 

Height when the shadow is 4*2 feet <» 6 ft. 

4*2 
64-4 .. - ^:^ ft - 92 ft. 

33. I lent £ZB for 5 months, how long should £25 be lent to me in 
return ? 

No. months for a loan of ^36 ^ 6. 

n » jei «: 5 X 36. 

.*• ff M «25 »s — • - •■ If, 

34. How many lbs. at is. 8d. are equal in value to 70 lbs. at 2s. 4d. 
per lb. ? 

No. lbs. at 23d. » 70. 

„ Id. = 70 X 28. 

„ 20d. - '-2^28 « 98. 

Or thus. Value 70 lbs. = 28d. X 70 — ]960d. 
.*. No. lbs. required « ^^ — 98. 

35. A ship has 18 months' provisions for 15 men; how long would 
the provisions last 24 men ? 

No. mouths' provisions Jbr 15 men *: 18. 

„ 1 „ «s 18 X 16. 

18^(^15 

24 



»» »• I »» ** JTo "• 



24 „ ^-11*. 
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36. How many men would the provisions of the last example aenre 
for 12 mouths ? 

No. men supplied for 18 months ss 15. 

„ I „ « 15 X 18. 

12 _ 15X18 

37. If a train ran 5^ miles in 14 min. 6 sec. ; in what time wonld it 
ran 10| miles at the same rate? 

No. min. to run 5^ miles ^ 14-j^. 

lOj „ « ^^^^ ^^^ =- 26 min. 16^ sec 

Or thut. No miles in H-j^^) min* » 54. 

„ 141 „ = 5| X 10 — 55. 

.•. No. min. to' run lOj miles — 10} -J- ^ =» </ x W "■ *» before. 

38. Paid SOs. for poor*s rate at Is. 6d. in the pound ; what is the rent 
of mj house, supposing the rate to be charged on | of the actual rent? 

No. pounds rateable rent «; 30s. -^ l^s. as 20. 

But this jS20 is two-thirds of my actual rent. 

••. j rent « ^*20 ; .•. | rent = ^10 ; .-. rent = -630. 

39. If a rate of 2s. 3d. in the pound be made on J of the rental of a . 
parish, required the rate per pound on the actual rental, in order to 
produce the same amount. 

Here the rate per pound must be less when the whole rental is taken. 
Rate taking | of the rental »» 2s. 3d. 

• *• ff ll ,, *^^^ aS. 30. X ^« 

„ the whole rental »> 2s. 3d. X § » Is 6d. 

40. Paid j66 18s. for taxes; what is the rent of my property, allowing 
lOd. income tax on each pound of the actual rent, and 4s. 6d. in the 
pound on § of the actual rent for all other taxes ? 

Tax on } rental as 4s. 6d. ; .*. Tax on whole rental ss 3s. ; 

.*. Total tax per pound s» 3s. -|- lOd. ^ 3s. lOd. 

.'. No. pounds rent = ^'6 ISs. -J- 3s. lOd. = j£*36. 

41. Two couriers pass through a place at an interval of 2 hours, 
travelling at the rates of 8| and 10 miles per hour respectively; in 
what time will the second courier overtake the first ? 

Distance of the first in advance of the second 3s= 8j| X 2 as 17 m. 

Rate per hour at which the 2nd approaches the 1st. = 10 — 8^ = 1^ m. 

.*. No. hours required s=s 1 7 -7- Ij «= M J «« 1 1 h. 20 min. 

42. A wheel revolves 22 times in 3^ minutes, how often will it 
revolve in an hour ? 

No. revolutions per min. =• 22 -4- 3^ «= y. 
„ per hour = y x 60 = 377rJ. 

43. The flash of a cannon was seen 5 seconds before the report was 
heard ; required the distance of the cannon, the velocity of sound being 
1142 feet per second. 

No. feet sound travels in 1 sec. ss 1142. 

„ „ 6 „ = 1142X6:- 5710. 

44. Bought f of a property, and sold } of my share for i6l20; 
required the value of the whole property. Am. J&640. 
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45. If it requires 2{ yards of doth, f of a yard wide, to make a 
coat, how many yards will it take when the cloth is 1) yards wide ? 

Ant, 1^. 

46. If 39 yards of carpeting, ^2 inches wide, cover a floor, how 
many yards will be required of carpet which is only 26 inches wide? 

Am, 48. 

47. If a train runs 16^ miles in 36 min. 15 sec, in what time will it 
run 24 miles 5^ furlonfi^s ? Am. 54 min. 14]] se<a 

48. A bankrupt pays his creditors 68. 8d. in the pound, paying them 
j£245 ; required his debt. Am. J6735. 

49. A bankrupt owes his creditors i6l920, and pays only ^^52 ; how 
much does he pay them per pound ? Am. 28. 7id. 

50. If 48 tenpence-loaves can be got from a quarter of flour, how 
many shilling-loaves should be got from it? Am. 40. 

51. If the 4 lb. loaf cost 9d. when the floor is 4s. per stone, what 
should the same weight of loaf cost when the flour is 3s. 6d. ? Am. 7{d. 

52. How many lbs. at Is. 8d. are equal in value to 70 lbs. at 2s. 4d. 
per lb.? ilm. 98. 

53. How many yards of carpet, f of a yard wide, will cover a floor 27 
feet by 20 ; and what would be the cost of the carpet at 3s. 6d. per yd. ? 

Am. 80; ^14. 

54. The flash of the lightning was seen 9 seconds before the thunder 
was beard ; required the distance of the thunder. (See Ex. 43.) 

Am. 1*946 miles. 

55. A man can plough 1 acre 3 roods in 10 hours, what time would he 
take to plough 6 acres 20 perches ? Ant. 35 hours. 

56. If I pay £Z 13s. 6d. for income tax yearly at 7d. in the pound, 
what is my income? Aru, JS126. 

57. Required the income tax on iS250 lOs. at 7d. per iSl. 

Am. £1 68. l)d. 

58. The expenses of a pariah are JS104 58„ and the rateable rent 
JS1668 ; how much in the pound must be levied to pay the expenses ? 

Ans. Is. 3d. 

59. How many casks of raisins, each 3 cwt., can I boy for JS49, at 
JS8 3s. 4d. for 4 cwt. ? Ans. 8 casks. 

60. Bought 60 yards at 2s. for 5 3rards, and 72 yards at 28. 3d. for 9 
yards ; required the cost of the whole. An». £2 28. 

61. Bought 13*5 cwt. of sugar for i632'25, how much can be got for 
JS21*5? Am. 9 cwt. 

62. If 9} oz. of tea cost 174}8., what cost 17-J^ lbs. ? Am. £26 18s. ]4d. 

63. If 8*9375 cwt. cost £A 9s. 4^., how much may be bought tor 
j611 5s.? Am, 22 cwt. 2 qrs. 

64. How much should a person spend per month, if be wishes to save 
^ of a yearly income of JC240 ? 

Sum to spend in 12 months » £24.0 — } of iS240 ^ iSlSO. 

I „ ==Aof^l80-=?-ei5. 

65. How much Fhould a person spend in 146 days, if he wishes to 
save every year ^12 out of an income of ^162 ? Am. £Q0. 

66. Required the same as in £x. 38, when the rate is 6d. in the pound. 

Am. £^0. 

67. Required the same as in Ex. 39, when the rate is ]5d. in the 
pound. Am, lOd. 

o 
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68. Required the same as in Ex. 40, when the income tax is 14d. in 
the ponnd and the other taxes 3s. lOd. An$. £\S 198. Ogd. 

69. If a man can fiDish f of a certain piece of work in 9 hours, in 
what time would he complete the remainder ? 

Remaining part «» l — } «» f ; then we have 

No. hours to finish } =»: 9. 

? « § X 5 = 22i. 

70. If a man can finish } of a certain piece of work in 5 hours, in what 
time would he finish J of the remainder? Am. 11] hours.. 

71. A man can complete a certain job in 10 days; after being at work 
for 2 days, he was joined by two other men; in what time would they 
finish the remainder? ^ns. 2}days. 

72. A man can build 3) yds. of wall in 5} days, in what time would he 
build 23^ yds. ? Ant, 38) days. 

73. Required the charges on a property of JS24 rent, allowing ]4d. 
income tax on every pound of the actual rent, and 5s. 6d. in the pound 
on j of the rent for all other taxes. Arts. £b 16ft* 

74. How many dollars, each 4s. 6d., are equal in value to 42 Goios 
7fl. 6d. each? 

No. coins 7)s. each •=■ 42. 

\ „ == 42 X 15. 

Or thm. Value of the money « 7^8. x 42 —i 315s. 
.*. No. dollars » 315 -f- 4]^ » 70. 

75. How many half-crowns are equal in value to 50 two-shilling 
pieces? Am, 40. 

76. By using a false measure, a person sells 7| pints to the gallon ; of 
how much money does he defraud his customers in selling 160 gallons of 
wine at i8s. 6d. per gallon ? 

Fraud in 1 gallon a: l gallon — 7| pints ^ | pints. 
„ 160 „ =3 I X 160 — 100 pints. 
Value 100 pints » 18s. 6d. X ^f =» £11 Us. 3d. 

77. Of how much in money does a person defraud his customers in 
selling 1 cwt. of sugar at 4d. per lb., if he uses a false weight of 15j^ 
oz. for 1 lb. ? Afu, Bid! 

78. A person gave £%2 for ^4 gallons of spirits, to which he added 6 
gallons 01 water ; at what price per gallon must he sell the mixture to 
gaini£8? 

No. gallons mixtui« as 74 + 6 ^s 80 ; then 

Selling price of 80 gallons = ^82 + ^68 » ^90. 

„ 1 „ » ^690 -f- 80 » J^l 28. 6d. 

79* What would be the selling price per gallon, in the last example, 
if 16 gallons of water be added, with a gain of £12 10s. ? Arts, 21s. 

80. The circumference of a coach wheel is 1 6 feet, how many revo- 
lutions will it make in a mile ? Ant, 330. 

81. Supposing the coach, of the last example, to travel at the rate of 
10 miles per hour, how many revolutions will the wheel make per 
minute? Am, 55* 



** ft 
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82. A man, tniTelling 8 hours a day, completes a journey in B^ days ; 
how many hours a day must he walk to perform it in 6 days ? 

No. hours to complete it in 6^ days =» 8. 

1 „ =- 8 X 6J — 62. 
6 ,. == 1 of 52 — 10|i 

Or thus. No hours on the journey = 8 X 6| »: 52; 
But he has to complete the journey in 5 days ; 
.*. No. hours per day ^ 52 -7* ^ =^ 10]. 

83. Supposing the man, of the last example, to travel at the rate of 
3^ miles per hour ; what would be the length of the journey? At what 
rate per hour must he travel to complete this journey in 5) days of 10 
hours long ? Aru, ] 69 miles ; Z^ miles. 

84. A vessel sails at the rate of 75 miles in 10 hours ; in what time 
will she make a voyage of 1500 miles? Am, 8 days 8 hours. 

85. A watch gains 7 minutes in 24 hours, while another watch loses 
5) minutes in the same time ; if both be set right at the same time, 
what will be the difference of time between them after the lapse of 60 
hours? 

Difference in 24 hours a* 7 -f- 5^ as 12} minutes. 

„ 60 „ » 12 J X SI » 31}^ minutes. 

86. Required the same as in the last example, when the first gains 
35 seconds in 4 hours, and the other gains 15 seconds in the same time. 

Ans. 5 minutes. 

87. A £ast train starts 2 hours after a slow one. In what time will 
the former overtake the latter, allowing their speeds to be 30 and 20 
miles per hour respectively ? What distance will each have gone ? 

The distance which the fast train has to make up «» 20 x 2 » 40 miles. 

Distance gained by the fast train per hour » 30 — 20 «s 10 miles. 

.*. No. hours required as ^ as 4. 

And distance gone a 30 miles X 4 =1 120 miles. 

88. Required the same as in the last example, when the speeds are 32 
and 24 miles respectively. An». 6 hours ; 192 miles. 

89. In what time would the fast train, of £x. 87, be 55 miles in 
advance of the other ? An^. 9^ hours. 

90. At what time will the two pointers of a watch be together between 
IV. and V. o'clock? 

When the short pointer is at IV. the long pointer is at XII. — that is, 
the former is 20 minute spaces in advance of the latter. 

As the long pointer moves 12 times as fast as the short one, so, 
therefore, while the former moves over 12 minute spaces, the latter 
only moves over 1 ; and, therefore, in 12 minutes of time the long 
pointer will gain 11 minute spaces on the short pointer: hence we 
write— 

Time to gain 11 minute spaces bs 12 min. 

>, 20 „ SK 12 min. x ff » 21^ min. 

That is, the time will be 21-ff min. past 4. 

91. At what time will the two pointers of a watch be together between 
VI. and VII. o*clock? Ans. 32^ min. past 6. 

d2 
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40. COMPOUND RULI OF THRIB. 

1. If 5 firkins of batter, at 8d. a lb., cost £9, what will be the cost of 
7 firkins at lOd. alb.? 

Here, as eott is required, we write down, from the data of the qaestion, 
the following equality for cost: 

Cost 5 firkins at 8d. a lb. ^ £9. 

»> 1 ,. 8d. „ = £lt 

9 

•*• f» * »» *"• »» ■" * Ft yc Q 



»» ' »» 



lod. „ _ £ ?-2il-2|i2 « ^16 IS,, 



Omitting the second and fourth steps, the student may readily write 
down the third equality, giving the value of a unit of quantity at a unit 
of price, and from it the fifth equality, giving the value of the quantities 
required in the question. 

2. If the wages of 26 men for 6 days be £14l, what will be the wages 
of 36 for lO^days? 

Here, as wagei are required, we write down the following equality for 
wages : 

Wages 26 men for 6 days » i6l4. 

» I .. *»»'**' 26 X 6 

„ 36 „ lOi „ ^^-y-^i?Ai^«^33 188.6Ad. 

Or thus. No. days* work in the 1st case = 26 X 6 » 156. 

2nd „ =«^ 36 X lOJ =- 378. 

Wages for 156 days «= ^14. 

w r .^.o J ^ 14 X 378 ^ 7 X 63 . . 

.'. Wages for 378 days *= £ ~ — ^£ — y^ — » as before. 

3. If 6 yards of cloth, 3 quarters wide, cost ^9^, what will be the cost 
of 4 yards, 5 quarters wide? Ant. i6lO lis. 1^ 

4. If 5 horses can be kept 7 days for £Z 58., what will be the cost of 
keeping 9 horses for 21 days? Aru. £11 lis. 

6. If 6 horses can be kept 20 days for £15, how many horses can be 
kept 16 days for ^18? 

Here, as the number of horses is required, we write down the following 
equality for the number of horses : 

No. horses kept 20 days for J6I5 ^ 6. 

1 /»! ^ 6 X 20 

16 .. ^18,6X20X18 
" • 16 X 16 
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The second equality is obtained from the first in the. following 
manner: The number of horses kept 1 day for iS]6 will be 20 times 
the number kept 20 days ; and then the number kept 1 day for £i will 
be the 15th part of the number kept 1 day for £lb: hence we multiply 
6 by 20, and divide by 15. 

In the third equality we obtain the number of horses required in the 
question: The number of horses kept for £\8 will be 18 times the 
number kept for £\ ; and then the number kept 16 days for this money 
will be the 16th part of the number kept only 1 day ; hence we multiply 
the result last found by 18, and divide by 16. 

15 
Or thus. Cost 1 horse per day 



Cost 1 horse for 16 days 



6 X 20 
15 X 16 
6 X 20 



XT v -. A ^lo . ^ 15 X 16 18 X 6 X 20 

.-. No. horses required = ^18 -J- ^ -j-^^-^ « 15 ^ 16 " ^' 

6. If 6 men working for 9 days earn ^9 6s., how many men working 
for 2 days will earn ^3 28. ? Ant, 9 men. 

7. If 3 horses plough a field of 2 acres in 1| days, in how many days 
will 21 hordes plough a field of 49 acres? 

No. days for 3 horses to plough 2 acres := 1^. 

1 1 _lt2<J 

7 
21 49 « iiAi-X ^^ - ;:! 

X 

8. If 3 men can build 15 yds. of brickwork in 7 days, how many days 
would it take 5 men to build 40 yds. ? Ans. 1 IJ. 

9. If 8 horses can be kept 15 days for J620, bow many days can 18 
horses be kept for £21 ? Aru, 9 days. 

10. If 640 tiles 12 inches long and 9 inches broad pave a floor, how 
many tiles 1 inches long and 8 inches broad would be required ? 

No. tiles 12 in. by 9 in. = 640. 

1 „ 1 „ = 640 X 12 X 9. 
10 8 = 640 X 12 X 9 

Or thus. No. sq. inches in the floor = 12 X 9 X 640. 
.'. No. sq. inches in 1 tile == 10 x 8. 

.-. No. tiles required = ^^-^^±2^ « as before. 

11. If 35 yds. of carpet cover a floor 20 feet long and 14 feet broad, 
how many yards of carpet of the same width will cover a floor 18 feet 
long and 16 feet broad ? Ans, 36. 

12. If a plate of copper, 5 inches long and 4 inches broad, weigh 15f • 
oz., what will be the weight of a plate of the same thickness, 2 ft. 6 in. 
long and 8 in. broad ? Ans, 189 oz. 
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13. If a plot of ground, 136 feet long and 30 feet broad, cost J65l, 
what will be the cost of a plot 210 feet long and 44 feet broad ? 

Cost 136 feet by 30 feet ^ £51, 

1 1 ^£ ^^ 



„ 210 „ 44 „ ^£ ri, ,^ r^ ». jeil6 lOs. 



136 X 30 

51 X 210 X 44 

136 X 30 

Or ihut. No. sq. ft. in the Ut plot » 136 X 30. 

„ 2nd „ — 210 X 44. 

51 
.*. Cost of 1 sq. ft. 



„ 210 X 44 „ ^ £ — ,r^ .. ^ as before. 



136 X 30 
5 1 X 210 X 4 
136 X 30 

14. If a pavement, 35 yds. long and 3 yds. wide, cost ^25, what will 
be the cost of a pavement 33 yds. by 3^ yds. ? Ans. £21 lOs* 

15. If 140 yds. of cloth, { wide, clothe 50 men, how maoy yds.,! 
wide, will be required to clothe 60 men ? 

No. yds. \ wide for 50 men «» 140. 

- 140 X 7 

V 60 «^^°^'' X^°-n7? 
« V » 60 „ l-Q-^iQ Il'^l- 

16. If 16 yds. of cloth, J wide, cover 24 chairs, how many yards I 
■ wide will be required to cover 30 chairs? Ant. 22i. 

17. 20 men are set to build a wall 360 yds. long, which they were 
expected to finish in 30 days 5 but at the end of 10 days it was found 
that they had only completed 90 yards ; how many more men must be 
employed to finish it in the proposed time? 

Time remaining — 30 — 10 = 20 days ; No. yds. remaining 

— : 360 — 90 = 270. 
No. men to build 90 yds. in 10 days <»= 20. 

T , 20 X 10 

1 » 1 „ -- 90 

970 o(\ 2 X 10 X 270 

^^° " ^° " ^ -901^^0 = 3°- 

Therefore, the additional number of men » 30 — 20 » 10. 

18. In what time would 30 men (see last Ex.) build the whole wall? 
No. days for 20 men to build 90 yds. ^ 10. 

I. 10 „ 360 yds. «= 10 X 4 X 2 «r 80. 

** 30 „ 360 yds. » ^ of 80 »= 26§. 

Or thus. No. days* work in building 90 yds. «= 20 x 10. 

.. M 360 yds. « 20 X 10 X 4 « 800. 

.'. No. days required « ^ = as before. 

19. If 6 men can build a wall in 18^ days of lOj hours each, how 
many days would it take 5 men to build 3} as much, working for 9 
hours per day ? Am, 94§ days. 
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20. If the carriage of 8 cwt. for 10 miles cost 6s. » what will 17 cwt« 
for 15 miles cost ? 

Cost 8 cwt. for 10 miles *» 6s. 

.-. Cost 17 cwt. for 16 miles -> ^ ^ ^^ ?1 ^^ — 198. 1 W. 

8 X 10 * 

21. Two women are employed in making shirts. Now the first 
woman can make 3 shirts whilst the second is making 2 ; and working 
together they can make 75 shirts in 30 days. What time will each take 
in making a shirt ; and supposing the first woman to work for 10 days 
and the second for 20 days, how many shirts will they make in the 
time? 

Here, since 3 + 2 a> 5, we shall first find the time which they take 
in making 5 shirts. 

No. days in making 75 shirts a* 30. 

•*• »» 5 »» ■■■ «• 

That is, in 2 days the first woman will make 3 shirts, and the second 
woman 2 shirts ; therefore, the former will make a shirt in { of a day, 
and the latter in I day. 

No. made by the Ist in 2 days <» 3. 

„ „ 10 „ — 3 X 6 — 15. 

And „ 2nd in 20 „ » 2 X 10 » 20. 

And the namber made by both in the specified times >■ 15 + 20 ^ 35. 

22. Required the same as in the last example, supposing the first 
woman to make 4 shirts whilst the second makes 3. 

j4ns. fg and jj of a day ; 36f . 

23. If a man can perform the work of 2 women or of 3 boys ; and if 4 
men, 10 women, and 9 boys can finish a certain work in 60 days, in 
what time would 3 men, 8 women, and 6 boys finish the same? 

Here, converting the women and boys into men, we find 
4 men + 10 women -j- 9 boys *■ (4 + \p H- S) men ■■ 12 men ; and 
3 men -j- 8 women -j- 6 boys aa (3 -|- | •+• }) men =■ 9 men ; then 
No. days for 12 men «« 60. 

60 X 12 «^ . 
„ 9 „ »= ■« 80. Ant. 

24. In what time would 2 men, 5 women, and 12 boys finish the work 
in the last example? Ans. 8i^ days. 

25. Required the same as in Ex. 23, supposing that 3 men can do 
the work of 5 women, and 2 women can do the work of 3 boys. 

Ans, 80 days. 

26. If ^246 in trade gain ^24 in 7 months, what will be the gain of 
£B62 in If months ? 

Gain on J6246 in 7 mouths ^k jS24. 

24 
-eiinl .. M^£ 



ft -wx *u * „ 



246 X 7 



„ ^369 in 1} „ -.^?l|J«i^«^9. 

27. If ^266 in trade gain £1i in 8 months, what sum will gain ^615 
in 9 months? Ant, £175, 

28. If 33 men dig a trench 300 yards long, 10 yards wide, and 2 
yards deep, in 6 days of 9 hours each ; how many men will be required 
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to dig a trench 400 yards long, 5 yards wide, and IJ yards deep, in 3 
days of S\ hoars each ? 

No. men to dig 
300 yds. long, 10 wide, 2 deep, in 6 d. of 9 h. ■= 33. 

1 „ ] „ 1 „ mld.oflh.= ^^^j X 10 X2 

,, . ,, -o, , 33X6X9 X 400 x5Xli 
400 „ 5 „ li„in3d.of8th.^ 3^Q^^Q^^^3^^ 

»36. 
Or thtu. No. cubic yards in the first trench = 300 X 10 X 2 « 6O00. 

second „ == 400 X 6 X li — 3000. 
No. men to dig 6000 c. yds. in 54 hoars = 33. 

3000 „ 241 ., -^-iL_«36. 

29. If 7 men set up a work of 5 sheets in 9 days of 10 hoars each, 
how many men will be required to set op a work of 20 sheets in 8 dayi 
of 9 hours each ? Ant. 3& 

30. If a block of stone, 6 ft. long, 2 ft. broad, and 1^ ft. thick, weigh 
21 cwt., what will be the weight of a block of the same kind of stone, 
4 ft. long, 3 ft. broad, and 1| ft. thick ? 

Wt. of block 6 ft. long, 2 ft. broad, 1 j| ft. thick = 21 cwt. 

,. 1 ,. 1 „ 1 „ - 6x2xli '''^• 

4 3 li _ 21 X4X 3 X Ij 

" * "3 " H M 6 X 2 X li 

= 17jcwt 
Or thtu. No. cubic feet in the 1st block «'6X2xli«»18. 

2nd „ =4 X 3 X 1J« 16; 
Weight of 18 cubic feet = 21 cwt. 

iR 21 X 15 ^ , . ^ 

„ 15 „ = — — — cwt. slTjcwt. 

31. Required the weight of a cubic foot of the stone of the last 
example. Ans. 130| lbs. 

32. Required the weight of a plate of copper, 1 ft. 6 in. long, 9 in. 
broad, and 2 in. thick, supposinga cubic foot to weigh 8840 oz. 

Ans, 1657^01. 

33. If an engine can raise 640 gallons ef water in 1 hour 20 minutes, 
from a pit 90 fathoms in depth, how many gallons would it raise in 24 
hours from a depth of 50 fathoms ? 

No. gal. in } hours from 90 fathoms a^ 640. 

640 X 90 X 3 



»» 1 »» 1 >» 



4 



.. 24 .. 60 .. - !*l><9^yL2<ii . 20736. 

4 X 60 

34. How long would the engine of the last example be in raising 
2700 gallons from a depth of 80 fathoms. 
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No. hoars raising 640 gal. from 90 fathoms »> |. 

11 * 



„ 27000 „ 80 „ := ^ ..^ »50. 



3 X 640 X 90 

4 X 27000 X 80 
3 X 640 X 90 

35. If a man can pump 6 gallons of water in 5 minutes, from a well 
36 feet deep, how many gallons would he pump in 10 hours when the 
depth is 48 feet? Ans, 540. 

36. How long would the man of the last example be in pumping 
3600 gallons from a depth of 45 feet ? Am. 62^ hoars. 

37. Two men start a job, and after working for 3 days, of 10 hours 
each, they were joined by another man, and then, working together, 
they finished the remainder in 5 days of 9 hours each ; in how many 
days, of 12 hours each, could 2 men have finished the whole ? 

No. hours work of 1 man in the job « 3 X 10 X 2 + 5 X 9 X 3 » 195. 
But the job is to be done by 2 men working 12 hours per day ; 
.*. No. hours work per day sa 12 X 2 «« 24. 
.*. No. days required = 'j^ =; 8 J. 

38. How many hours per day (see last Ex.) would the 2 men have to 
work so as to finish the whole in 8 days? j4na. 12 h. 11^ min. 

39. If 15 loaves last a family of 6 persons for 7 days, how long will 35 
loaves last 9 persons ? 

No. days 15 loaves last 6 persons bs 7. 

7 X 6 



1 .. 1 



»» * »» * »i 



15 



}f 



35 9 « 7 X 6 X 35 . 

40. If 20 loaves last 7 persons for 8 days, how many loaves will 9 
persons consume in 6 days ? Ans. J9]{. 

41. The provisions of a garrison were sufficient to last 1200 men for 
12 months ; but at the end of 3 months the garrison was increased by 
300 men, and 2 months after that by another reinforcement of 200 men. 
What time would the provisions last the whole? 

No. months' provisions for 1 man «3 1200 x 12 =s 14400. 

No. months* provisions consumed at the end of 5 months : 

« 1200 X 5 + 300 X 2 ■» 6600. 

No. months* provisions remaining »■ 14400 — 6600 sx 7800. 

Now we have to find the time which the remaining provisions will 

last 1700 men or (1200 + 300 -f 200) men. 

No. months » f^ a. 4^. 
/. Total number of months a 5 + 4 jf » 9 jl). jins. 

42. Required the same as in the last example, supposing the pro- 
▼isions at first were sufficient to last 1800 men for 10 months. 

Ans. 8^ months. 

43. The provisions of a garrison were sufficient to last 1500 men for 
12 months, but at the end of 2 months the garrison was increased by 
500 men. How long did the provisions last? Ans. 9^ months. 

44. A ship's crew have provisions for 100 days, allowing each man 
daily 2^ lbs. of bread and f lb. of beef ; after 40 days it was found that 
they must yet remain 80 days at sea; to what rations per day must the 

d5 
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crew be reduced for the remaiDder of the voyage ? Am, 1} lbs. bread 
and -^ lbs. beef. 

45. Required the tame as in the last example, supposing the rations 
at first to be 2 lbs. of bread and 1^ lbs. of beef. Atu. l\ lbs. bread and 
\\ lbs. beef. 

46. If the flooring of a room, 18 feet by 15 feet, C08t.J66 68., what 
will be the cost of a floor 24 feet by 20 feet ? AnM, £i\ Aa, 

47. Required the cost per square yard of the flooring Id the last 
example. Am, 4s. 2id. 

48. If 501 yards of calico, 36 inches wide, make 16 shirts, how many 
yards 27 inches wide will be required to make 24 shirts ? Ann, 100^. 

49. How many yards 2 feet wide would be required? Ant. 113^|. 
. 50. A field, 400 yards long by 270 wide, was ploughed by 5 horses in 

4 days of 9 hours each ; how many horses will be required to plough a 
field 900 yards long by 300 wide in 6 days of 10 hours each ? Uru, 7|. 

No. horses to plough 
400 yards by 270 in 4 days of 9 hours ae 5. 

1 11 1 5X4X9 

^ " / ''^ ^ " ^ " *" 400 X 270 

900 „ 300 in 6 „ 10 „ « « X4J<9X^^21^ _ 

" ** 400 X 270 X 6 X 10 * 

Or thus. No. square yards in the first field « 400 X 270 » 108000; 

M second „ «» 900 X 300 » 270000; 

and the times are 36 hours and 60 hours respectively. Then 

No. horses to plough 108000 sq. yds. in 36 h. » 5. 

5 X 36 X 2700 00 

108000 X 60 

51. How many hours per day should 7 horses work to plough the 
second field, of the last example, in 6 days ? Ans: lOf. 

52. If either 3 cows or 4 horses can eat up the grass of a field Id 90 
days, in what time would 2 cows and 6 horses eat up the same? 

No. days for 3 cows to eat the grass as 90. 

• • f» « f> »» = 2 ^"» 

/, Part eaten by 2 cows in 1 day ■« ^y ; 
and similarly, we find 

Part eaten by 6 horses in 1 day as ^. 

,\ Part eaten by 2 cows and 6 horses in 1 day » fis ~i~ lib '^ j% S 
.'. No. days for them to eat the whole =« 1 -r- i% = 41^. 

Or thus. 2 cows will eat as much as twice the 3rd of 4 horses, or 
2§ horses; therefore, 2 cows and 6 horses will be equivalent to 8} 
horses. 

No. days grass for 4 horses » 90. 

,, » 8§ „ z=90 X 4^8§-'^«41^. 

53. Required the same as in the last example, supposing 4 cows or 5 
horses to eat up the grass in 85 days. Atu, 50 days. 

54. A policeman starts in pursuit of a boy 160 feet in advance of him. 
The boy takes 6 steps to the policeman's 5 ; but 2 of the policeroao's 



270000 „ 60h.~ "rnonnnx.^n H' 
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steps are equal to 3 of the boy's. Now supposing the length of the 
policeman's step to be 2 feet, how far must he run to overtake the boy ? 
Length of 5 steps of the policeman «« 2 ft. X 5 »» 10 ft. ; 

6 „ „ boy — f of 2 ft. X 6 -=8 ft.; 

that is, whilst the policeman moves ever 10 feet, the boy moves over 8 
feet, and the space gained by the former » 10 ft. — 8 ft. >m 2 ft.; hence 
we have, 

Distance run to gain 2 ft. s= lo ft. 

„ „ 160 ft. « 6 ft. X 160 — 800 ft. 

55. Required the same as in the last example, supposing the boy to 
take 5 steps for the policeman's 4. Ant. 960 ft. 

56. A person bought some oranges for 20s. After dividing them into 
two equal lots, he sold the first lot at a loss of half a farthing each, the 
second lot at a gain of }d. each; and received 368. 8d. for the whole. 
How many did he buy ? 

Gain on each -= i (i — J) =» A^- ; 
Gain on the whole » 368. 8d. — 208. » 16s. 8d. ; 
/, No. oranges » 16s. 8d. -i-j^.^ 200 X f *- 640, 

57. How many did he buy, supposing he sold the first lot at a loss of 
Jd. each? -4n*. 800. 

58. A person bought spirits at 14s. per gal., and after mixing it with 
3 gals, of water, he sold it at 16s. per gal., and thereby gained 68s. ; how 
many gals, of spirits were there ? 

Gain by the water ^ 16s. x 3 ^ 48s. ; 
,', Gain on the spirits »» 68s. — 48s. as 208. 
but he gained 28. per gal. on tb^ spirits ; 

No. gals, spirits a* 20s. -7- 2s. »: 10. 

59. Supposing he sold the mixture at 148. per gal., how much water 
must be added, in order to gain 498. on the whole? Ans. 3^ gals. 

60. A grocer sold 20 lbs. of a package of tea, at a loss of 9d. per lb., 
and the remainder at a gain of Is. 3d. per lb., and thereby gained 22|s. 
on the whole; how many lbs. were there in the package? 

Loss on the 20 lbs. »> 9d. X 20 » 15s. ; 
.*. Gain on the remainder ^ 22^s. + 15s. »> 374s. ; 
but the gain per lb. on this tea is Is. 3(1. or IJs. ; 

No. lbs. of this tea ^ 37^8. -h IJs. » V X 1 — 30 ; 
.*. the wt. of the package ■» 20 4- 30 » 50 lbs. 

61. Find the weight of tea in the package, supposing the 20 lbs. to be 
sold at a gain of 6d. per lb. ? Am. 30 lbs. 

62. Two railway passengers have together 392 lbs. of luggage, for 
which they are charged 6s. 3d. ; but if the luggage had belonged to one 
of them, he would have been charged 7s. 6d. How much luggage was 
each allowed free ? 

Here, 68. 3d. >■ 7&d. ; and 7s. 6d. ~ 90d. ; then 
Charge on the free luggage of 1 person » 90d. — 75d. sb 15d. ; 
.*. Charge on 392 lbs. none of it being free » 90 + 15 » 105d. ; 

•". ,, 1 lb. „ ,, =s S93^* » 

.*. No. lbs. free luggage to 1 person *■ 15 -^ |g| « 56 lbs. 

63. A railway passenger with 3 cwt. of luggage was charged 5s. for 
excess of weight, and another passenger with 4i| cwt. was charged 
8s. 9d. How much luggage was each allowed free ? 
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Here, 5s. «■ 60d. ; 88. 9cl. » I05d. ; 4^ cwt — 3 cvit, » l| cwt; 
.*. Charge for 1^ cwt. = 105d. — GOd. « 45d.$ 
„ 1 „ « 46d. -:- 1 J — 30d. ; 

.*. No. cwt. in excess in the Ist case «» 60d. -r- 30d. ^s 2 ; 

.•. Weight allowed free =« 3 cwt. — 2 cwt. «= 1 cwt, 

64. Five gals, of spirit and water cost £Z 38., and 7 gats, containing 
the same quantity of water cost ^4 19s.; how much water was there in 
each? Arts. l|gala. 

65. A grocer had some tea to sell ; if he sold it at 5s. a lb., he would 
gain 15s., but if he sold it at 4s. 6d. a lb., he would only gain 7s. ; how 
many lbs. were there? 

Here, 15s. — 7s. :» 8s., and 5s. — 4s. 6d. si 6d. ; that is, a diflTerenct 
of 6d. per lb. produces a difference of 8s. in the gain; .'..the no. lbs. 
»■ 8s. -i-6d. = 16. 

66. A grocer mixed 6 lbs. of inferior tea, at 3s. a lb. with tea at 5s. a 
lb., and sold the mixture at 5s. 3d. per lb., and thereby gained 238.; 
how many lbs. of the latter tea were there? 

Gain from the inferior tea » 5s. 3d. X 6 — 3s. x 6 «» 13s. 6d. 
.*, Gain from the superior tea «s 23s. — 13s. 6d. »» 9s. 6d. ; 
but, the gain per lb. on this tea =» 5s. 3d. — 5s. »= 3d. ; 

.-. No. lbs. of this tea = 9s. 6d. -H 3d. a« lu -^ 3 » 38. 

67. Find the quantity of the latter tea, supposing the mixture to be 
sold at 58. 2d., and the gain to be 18s. Arts. 30 lbs. 

68. From a vessel of wine containing 81 gallons, 27 gallons are drawn 
off, and the vessel is filled up with water. Find the quantity of wine 
remaining in the vessel when this has been done five times. 

Aru, lOfgals. 

69. A and B travelled on the same road to London. At the 50th 
mile stone, A met a coach, travelling at the rate of 10 miles an hour, 
and 1^ hours afterwards, at the 44th mile stone, he overtook a waggon, 
travelling at the rate of 2^ miles an hour; B met the coach ^ an hour 
after A had met it, and overtook the waggon 2 hours after A had over- 
taken it. At what rates per hour did they travel? 

No. miles gone by A in 1 i| hours as 50 — 44 «= 6 ; 
,, „ 1 hour s 6 -4- 1^ » 4 

Dist. B from A when B met the coach «4xi+10xi»B7m.; 

„ when B overtook the waggon a4x2 — 2^x2s=3ni.; 

but the interval between these events esi^4.2 — i==3 hours; 
that is, in 3 hours B gains 4 miles on A, .■. gain per hour «= 1 J miles ; 
.'. B's rate per hour =: 4 + IJ » 5} miles. 

70. At what distance from London will B overtake A ? Ans, 27 miles. 



PROPORTION. 

41. The ratio of one quantity to another is expressed by dividing 
the former by the latter; thus the ratio of 6 to 8, or 6 : 8, is | «s J, 
that is, 6 is f of 8. The first term of a ratio is called the antecedent and 
the second term the consequent. Proportion is only another form of ex- 
pressing an equality of ratios; thus } as |, in the form of a proportion. 
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is written 3 : 4 : : 6 : 8, and reads 3 is to 4 as 6 is to 8. The 3 and 6 
are called the two antecedents and the 4 and 6 the two consequents. 
The 3 and 8 are called the extremes and the 4 and 6 the meant. 

Again, in the proportion, 3 : 5 : : 6 : 15, the second term is 5 times 
the 3rd of the first term, and also the fourth term is 5 tiroes the 3rd of 
the third term. Hence the first three terms of a proportion being 
given the fourth term may be readily found as follows, 

7 : 9 : : 28 : what number? 

Here the 2nd term is If of the 1st ; therefore, the 4th term will be S of 

9 X 28 
the 3rd, that is, the 4th term required ^ i of 28 ss — ^ ^ 36. 

^ 7 

Here it will be observed, that the 4/A term is found by multiplying 

together the 2nd and Zrd and dividing the product by the !#/, that is, in 

any proportidn 

.. .... 2nd term X 3rd term .,. 

the 4th term = r—-z . . . (1). 

1st term ^ ' 

The Role of Proportion, as applied to commercial arithmetic, is based 
on this principle, as we shall afterwards see. 

Multiplying each side of equality (1) by the *' 1st term," we get 
J St term X 4th term « 2nd term X 3rd term 
that is, the product of the extremes is equal to the product of the means. 

In every proportion the 1st and 2nd terms must be of same kind or 
name, and also the 3rd and 4th ; but the two former terms need not 
have the same name as the two latter. Thus we have, 6 lbs. : 2 lbs. 
: : i2s. : 4s.: where units of lbs. are compared in the 1st and 2nd 
terms, and units of shillings in the 3rd and 4th; so that the ratio of 
6 lbs. : 2 lbs. is the same as I2s. : 4s. 

In applying proportion to the solution of questions in Rule of Three, 
we must hrst assure ourselves that the quantities are strictly in pro- 
portion, and if so, whether they are in direct proportion or in inverse 
proportion. For illustration let us take Ex. 4, Art. 6. 

Here to be assured that this is a case of direct proportion, we observe 
that the cost must be in the ratio of the weight, that is, if we double the 
weight the cost will also be double, and so on ; then 

36 oz. : 23 oz. : : Cost of 36 oz, : Cost of 23 oz.; that is, 
36 : 23 : : 15s. : Cost of 23 oz. 

Then by the rule, expressed in eq. (1), we obtain the Cost of 23 om, by 
multiplying 15s. by 23 and dividing the product by 36. 

As another illustration let us take Ex. 82, Art. 39. 
5 days : 6^ days : : 8 hours Here the term 6^ days corresponds to 

6^ the term 8 hours; if we double the No. 

of days, the No. hours required will be 

5 ) 52 only half of what it was before ; so that 

the No. days varies inversely as the No. 

10} hours hours per day required. The 3rd term is 

8 hours, because it has the same name as 
the answer, and we put the corresponding term, 6J days, second instead 
of first, as in the case of direct proportion.* Then by the rule, we mul- 
tiply 8 by 6^ and divide by 5, for the No. hours required. 

* Given nearly in the language of Colenso. 
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Proportion is an elegant mode of expressing the results of arithme- 
tical ioyestigatioDS, and forms an essential feature of many departments 
of mathematics; bat considered as a rule of commercial arithmetic, it is 
neither simple nor expeditious. It substitates special rules for simple, 
and therefore obvioas, processes of reasoning, and in cases of compoand 
proportion, it gives a repalsive abstraction to the forms of solution. By 
the eqttational melhodt* all questions, of this kind, may be soWed by 
multiplication and division. In the solution of a question by the rule 
of proportion, the mental process, whether expressed or understood, by 
which we determine whether the question comes under the rale of 
direct or of indirect proportion, really gives the steps which shoald be 
taken in solving the proposed question by the equational method. 

SIMPLE INTEREST. 

4S. Interest is the sum paid for the loan of money. The sum of 
money lent is called /Atf/>rtnctf>a/; and the amount is the sum of the 
principal and interest. The rate per cent, is the interest or sum 
paid for the loan of ^100 for 1 year or per annum. 

1. Required the interest of ^13 for 1 year at 2} per cent. 
Interest on iC'lOO » £2^ 

^1 « AjQ^ 



" "" " 100 



100 
^•7 X 13 



300 ^'3033 — 6s. 0}d. 

♦ Here the interest is found by multiplying the principal by the rate 
and dividing by 100. 

2. Required the interest of; i6l8 at 3^ per cent. ; ^28 at A\ per 
cent. Ans, 12s. 7d.; £\ 3s. S^d. 

3. What is the interest of £^\ for 3 years, at 4^ per cent, per 
annum ? 

Interest on i&lOO for 1 y. « '£^\ 



•*• f> 



ffff 



• • n 



£\ „ 1 y. = £^00 
-ei ,. 3 y. . ^lyil 
^9i,,3y.-^li2y^H 



-^^^-^yo^-^^2n25 

«- ^I 4s. 2id. 

f Here to find the interest we multiply the principal, the rate, and the 
number of years together, and divide by 100. 

♦ First given by the Author as a general method in his " Principles 
-' ^ -»hmetic," published in 1842. 
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ts 



4. Required the intereit of; ^75 for 3 yean, at 4 per cent, per 
aunum ; £25 for 2 years, at 4^ per cent, per aDDom. Ans. £d ; £2 58. 

5. Find the amount of £5Q 19s. 2d. for 2§ years at 3 per cent. 



£ s. d. 
58 19 2 

8 - 21 X 3 



100)4 



14 



71 
20 

33 

12 

00 



13 4 



Here to find the interest we maltiply 
the principal by the product of the rate 
and number of years, and dlTide by 100. 
We divide by 100 by cutting off two figures 
of the dividend. 

£ s. d. 

Interest — 4 14 . 4 

Principal — 58 19 2 

•*• Amount n 63 13 6 



6. Find the amount of; iSl39 68. 3d. for 4 years, at 2^ per cent. ; 
JS36 10s. for 3 years, at 4 per cent ; ^57 6s. 8d. for 7 years, at 2^ per 
cent. Ans, £\5Z 4s. lO^d.; £A(i 178. 7d.: £61 7s. 4d. 

7. Required the interest of; £24k 98. 4d. at 4) p. c. ; £6'15 at 2] p. c. 

^ s. d. £ 



24 9 



4 



97 17 4 
For) 3 1 2 



1,00 ) 1 



00 18 6 
20 

18 
12 



2 22 AnM. £\ Os. 2d. 



6*15 
_2| 

12*30 
For} 4*10 

1,00) -16 4 £ 
20 



3-280S. 
12 

3'36d. 
4 



1*44 Ant, 38. 3}d. 

8. Required the interest of; £9 13s. 4d. at 3| p. c. ; ^14 10s. 5d. at 
3^ p. c. ; £Qi'b at 2| p. c. An», 7s. 3d. ; 98. 8d. ; £] 10s. 9d. 

9. What is the interest of iS60 3s. for 7 months, at 4 p. c per 
annum ? 

Interest for ^2 mon. ^ — 



ff 



>» 



1 .. - 



i> 



» .. - 



100 
je60 38. X 4 

12 X 100 
je60 38. X 4 X 7 
12 X 100 



£\ 88. Ojd. 



64 SIMPLE INTEREST. 

Or thu9, CalcuIatiDg the interest for 12 months or 1 year, we have, 

£ 8. d. 
Interest for 1 y. » 2 8 IJ 

6 rooQ. »s ^ y. „ 6 m. «= 1 4 Of 

1 mon. — J of 6 mon. „ 1 m. ss 4 



** 



7 m. « 1 8 0| 



10. Required the interest of; J623 5s. lOd. for 4 mon., at 5 p. c; 
JS650 15s. for 3 mon., at \\ p. c. Ans, 7s. 9d. ; £2 Os. 8d. 

11. Required the interest of ^689 4s., from May 8 till July 23, at 3 
per cent, per annum. 

Here the number of days from the 8th of May to the 23rd of Jaly 
= 76. 

^89 4s. X 3 



Interest for 365d. 

„ 76d. s= 



100 
^89 4p. X 3 X 76 

36500 
^•89 48. X 6 X 76 



lis. Ifd. 



73000 

Hence the following rule: Ride. — To find the interest for any number 
of dayty multiply the principal by twice the rate and the product by the 
days, and divide the restUi by 73000. 

12. Required the interest of; ^349 7s. 4d. for 178 days, at 2^ per 
cent. ; ^762 38. 4d. for 132 days, at 3 per cent. 

4ns, £4: 5s. 2id.; ^8 5s. 4id. 

Simplified forms of calculation, 

43. In finding the interest for any number of days, the division by 
73000 may be simplified by the following rule: Rule. — Take one-third 
the dividend (rejecting shillings and pence), one-tenth of that third, and 
one-tenth of that tenth; then add the four lines together, cut ofif five 
figures from this sum, and in the result reject a farthing for each £\Q, 

1. Required the interest of ^873 lUs. for 128 days, at 4 p. c. 

By the ordinary rule. By the rule. 

J6873 10 894464 

8 {, 298154 

29815 

6988 2981 

128 



55904 



je 12*26414 



83856 12 5 Oj 

— Correction o] 



73000)894464 

£\2 5 Ojl- Am. 



£\2 5 Oi 
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2. Reqaired the interest of iS73 68. for 84 days, i^t 4^ p. c. 

Am. 158. 2d. 

Proof of the rule. The true quotient «= ,^„^,, ; and by the rule 

73000 '' 

-..1- *.• * • Dividend ,,,,.,.,. Dividend , .__, 

the quotient - -j^^jg^ (1 + J + J, + ,J,) » __^ x I'OOOl, 

where the result is j^ in excess of the true quotient. Now in 10000 
farthings the error would be one farthing but 10000 farthings »- 
iSlO 8s. 4d. 



When the rate per cent, is 5, or some simple aliquot part of 5, 
the calculation may be much simplified by the following methods. 

It has been shown (Ex. 33, Art. 6> that the interest on J&l at 5 p. c. 
is Is., therefore the interest on lOs. =8 6d., int. on 5s. sb 3d., int. on 
2s. 6d. « 1|d., on Is. 3d. »» fd., and on 5d. ^ ^d. Whence the 
interest on any sum at 5 p. c. may be easily calculated. 

1. Required the interest of jS68 lis. lOd. at 5 p. c. 

Interest on £m « 68s. =» ^83 8 

„ lOs «= 6 

„ Is. 8d. :-B 5d. X 4 » 1 



*. ,, £BQ lis. 8d. «B i83 8 7 



which is the interest true to a farthing. It is scarcely necessary to 
observe that the answer may be ai once written down. 

2. Required the interest of iSl60 7s. 8d. for 4 years, at 5 p. c. 

£ s. d. Here, in order to avoid errors arising from the 

160 7 8 neglecting of remainders, we first multiply by the 

4 number of years, and then the interest on this 

• result, as a principal, may be written down at once, 

641 10 8 giving the answer true to a farthing. 



32 1 6} Aru, 

3. Find the interest of the following sums at 6 p. c. ; £1 68. 7d. ; 
£Zld 38.; ^406 16s. 5d. for 6 years. 

Ans. 7s. 3fd.; £15 19s. Ifd.; ^122 Os. lid. 

45. Having found the interest of any sum at 5 p. c, the interest at 
any other rate may be calculated by aliquot parts. 

1. Required the interest of JS164 10s. 1 Id. at 3f p. c. 

Int. at 5 p. c. » j68 4 6^ 

2i = Jof5 „ 2J „ -: 4 2 3J 
lJ = |of2i „ IJ „ - 2 1 li 



»> 



3i „ - 6 3 4f 
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2. Required the interest of ^226 78. 9d. at 4| p. c. 

iDt. at 5 
i = i\, of 6 „ i 



iDt. at5p. c. »^11 6 41 
= 12 7} 



>» 



„ 4J „ = 10 3 9 

The results may be carried oat to the fractions of farthings if re- 
quired. When there are a given nnrober of years, first multiply the 
principal by the number of years, as in example 2, Art. 44. 

3. Find the interest of the following sums; iS780 15s. lOd. at 4 p. c; 
j£64 3s. l^d. for 4 years at 6} p. c. Ant. £Zl 48. T^d. ; £16 Os. S^d. 

4. Find the interest of £6^ Ss. 4^d. at 10 p. c. Jns. £S 8s. 4d. 

Here we might find the interest of 5 p. c, and then double it for the 
interest at 10 p. c, but the interest may be also found as follows. As 
10 is the tenth of 100, the interest required will be -^ of the principal. 

Having found the interest of any sum at 10 p. c, the interest at any 
other rate may be calculated by aliquot parts. 

5. Required the interest of ^40 15s. at 9 p. c. 

10)^40 15 

Int. at 10 p. c. = 4 1 6 
l-^oflO „ 1 „ = 8 1| 



» « »» 



» 3 13 4 



6. Find the interest of; ^71 5s. 2id., at 8 p. c; £^l lis. 3d. at7i 
p. c; i£61 lis. 8d. at 2 p. c. Ans. £5 14s.; £2 7s. 4d.: ^1 4s. lid. 

7. Find the interest of £16 lis. 2d. for ^ year, at the following rates 
per cent. ; at 2^; at 1} ; at 4 ; at 6 ; at 3| ; at 1 ; at 5|. 

Ans, 4s. 1^. ; 2s. Ojd. ; 6s. 7}d. ; 9s. lid. ; 5s. 9id. ; Is. 7|d. ; 9s. 7}d. 

46, Exercises, Find the interest of the following sums at the givea 
rates per cent, per annum, &c. 

£ 8. d. 

1. 188 6 4 at4p. c. 

2. 175 8 2 at 3 p. c. 

3. 205 10 11 at5ip. c. 

4. 1308 13 7iat3ip. c. 

5. 294 16 8 at 31 p. c. 

6. 19 18 0iat5|p.c. 

7. 449 15 3|at2|p. c. 

8. 1275 2 9 at5|p. c. 

9. 49 11 2 for 4 years, at 2| p. c. 

10. 324 10 for 3 mon., at 2J p. c. 

11. 246 18 4 for 3 y. 4 mon., at 3 p. c. 

12. 89 16 5i for 1 y. 7 mon., at 5 p. c 

13. 292 9 4 for 1 y. 9 moo., at 3^ p. e. 

14. 228 5 for 31 davs, at 2k p. c. 

15. 394 7 5 for 98 days, at 6| p. c. 

16. 304 3 4 for 29 days, at 4 p. c. 






£ 


8. 


17. 


455 


7 


18. 


425 





19. 


1602 


7 


20. 


390 


7 


21. 


455 


7 
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d. £ S. d. 

6 for 54 days, at 2^ p. c if n«. 1 13 8 

for 154 days, at 4^ p. c. „ 8 1 4} 

from May 3 to June 9, at 5 p. e. „ 8 2 5 

4| from Jane 20 to July 26, at 4 p. c. „ 1 10 9^ 

6 from Sept. 2 to Nov. 9, at 4| p. c. „ 3 16 4 



47. To find the interest on two or more sums at the same rate, 

but for different times, 

1. Required the total interest on the following sums at 5 p. c. ; iS874 
for 17 days ; ^6437 for 68 days. 

Here we might find the interest for each sum, and then add tho 
results ; but the following method is more expeditious, 

nc^HA 8'* X 17 X 10 ^ . _^„, 437 X 68 X 10 
Int. oo ^874 ;j^^ ; Int. on ^437 = ,^^^ ; 

.-. Total Int. -» (874 X 17 + 437 X 68) X ,^ — ^66 2s. IJd. 

Hence we have the following rule: Rule. — Multiply each sum by the 
number of days on which interest is due, add the products, multiply 
this sum by double the rate and divide 73000. 

2. Required the total interest on ^32 17s. for 80 days, £25 lis. for 
40 days, at 4 per cent. An$, 8s. 

3. Required the interest on a bill of j£*228 5s. due June 3, of which 
^28 5s. were paid July 4, and the remainder Aug. 23, at 5 p. c. 

Ans. £2 6s. d^d, 

48* To find the interest on Accounts Current. 

An Account Current is a Dr. and Cr. statement of the mercantile 
transactions between two parties. The left hand side of the account, 
or Dr., contains the claims of the merchant who furnishes it, and the 
other side, or Cr., contains the payments made to him. 

I. Required the interest, &c., on the following account till Dec. 31, 
at 5 p. c. 

Dr. Mr. May, in Account Current, with R. Day. Cr. 



£ 8. d. 
Jan. 11, To Goods 500 10 
Feb. 18, To Goods 260 5 
May 20, To Goods 450 6 8 
Dec. 31, To balancel ^ ^ ^ 
of mterest j * 



1228 12 6i 



£ 8. d. 

Ap. 10, By Cash 400 

June 20, By a Bill 600 

July 21, By flour 60 

Dec. 31, By balance\,«Q ,^ „, 

due R. Day/ ^^^ ^^ ^* 

1228 12 6J 



Here £5C0 10s. will be chargable with interest from Jan. 11 to Dec. 
31, that is, for 3.54 days, and so on to the other sums. Hence we have 
by the rule Art. 43, 



68 



8IMPLB IMTBRB8T. 



£ 8. 

500 10 
260 5 
450 2 



d. 

X 354 
X 316 
6 X 224 



177177 

82239 

100828 

360244 
232180 



Difference 128064 



400 X 265 

600 X 194 

60 X 163 



106000 
116400 

9780 

232180 



.•. Interest =- 128064 X 73^ « ^617 108. lOid. 

2. Required the interest, &c., on the following account till Dec. 20, 
at 4 per cent, per annum. 



Dr. £ 8. d. 

Feb. 20, To balance acct. 93 3 9 

Mar. 7, To Goods 107 5 

June 30, To Goods 207 14 2 

Dec. 20, To balance of Int. 2 9 8}^ 

410 12 7} 



Cr. 

Ap. 3, By Cash 

„ 16, By Cash 

Oct. 6, By a bill 



^ s. d. 

83 6 8 

173 19 

100 



Dec. 20, By balance 53 6 11} 

410 12 7} 



49. To find the rate when the principal and interest are given, 

1. ff the interest on i£220 is £9 78., what is the rate per cent. ? 

Int. on i£'220 =» £9 78. 

„ jei00 = 220 = ^4 6s., or 4}. 

2. If the interest on £55 is £2 4s., what is the rate per cent. ? 

Ans. 4. 

3. At what rate per cent, per annum, simple interest, will j6750 
amount to 'iS925, in 4| years ? 

Int. on je760 for 4^ y. « ^175 

„ jeiOO „ 1 y. =. ^^-^^ « je5*. or ie5 38. 8}d. 

4. At what rate per cent, per annum, simple interest, will J6450 
amount to j£490 10s., in 2 years? . Ans. 4^. 

5. With a capital of ^4000, a merchant gained J6650 in 14 years; 



what was his gain per cent, per annum ? 



14 ye 

Ans» 



IC* 



50. To find the principal when the interest and rate are given, 

1. What principal will bring an interest of «£:24 in 60 days, at 4^ p. c? 
Here as iSlOO gives j64| interest in 1 year or 365 days, we write 

Principal to give £^ in 365 d. = ^100 

^100 X 24 X 365 






t* 



ft 



je24in 60 d. 



41 X 60 
^'3244 8s. lOJd. 
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2. What principal will bring J640 interest in 146 days at 5 per cent, 
per annum ? Atu. «i62000. 

3. What principal, at 5 per cent., will bring a yearly income of iS128? 

Aru. ^£2560. 

51. To find the time when the principal^ rate, and amount are 

given. 

1. In what time will J6500 amount to JS516, at 4 p. c. per annum? 
Here the interest of iS500 for 1 year is JS20, that is, 

Time to produce i620 Int. ^ 1 y* 

^ifi , 1 X 16 

366 X 16 , „„^ , 
— 20 d. ^ 292 days. 

Hence we have the following rule. Rule. — Divide the difference 
between the principal and amount by the interest of the principal for 
1 year, and the quotient will be the number of years, or parts of a year, 
required. 

2. In what time will i&800 amount to JS850, at 5 per cent, per annum ? 

Ant. 1 y. 3 mon. 

3. In what time will JS230 amount to JS250, at 9 percent, per annum ? 

Ant. 352*657 days. 



BANKERS' DISCOUNT. 

5A. Discount is the abatement which must be made for the prnent 
payment of a debt or bill which is not due until a certain time hence. 
The Bankei-s* discount is the interest of the bill at the given rate and 
for the time which it has to run, reckoning from the time at which it is 
discounted till it is due, including 3 days of grace. 

1. What is the discount and present worth of a bill of J6 109 10s., 
drawn or dated April 20, at 3 months, and discounted on May 24, at 5 
per cent, per annum ? Ant. IBs. ; J6108 12s. 

Here the bill is due on July 20, but allowing 3 days of grace on July 
23. Now from May 24 to July 23 is 60 days, which is the time the bill 
has to run. By the rule Art. 43, we find the interest, or discount, of 
j£]09 10s. for 60 days at 5 p c. to be 18s. Hence the present payment 
or worth »> JS109 10s. — 18s. « iSl08 12s. 

2. Required the present worth of a bill of j£290, drawn April 15, at 
4 months, and discounted on May 20, at 5 p. c. Ant. iS286 8s. 5jd. 

53. Exercites. Find the present worths of the following bills, at the 
given rates per cent, per annum : 

Js s. d. Drawn Discounted £ s. d. 

1. 208 1 8, Feb. 28, at 7 mon., June 8, at 4 Ant. 205 8 3i 
2.266 13 4, Sen. 10, „6 „ Nov. 17, „ 4^ „ 263 15 5* 
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£ 8. d. Drawn Disconnted 46 s. d. 

3. 303 11 8, June 1, at 5 mon., Jaly 20, at 5| Ant, 298 13 9| 

4. 447 16 0, Jan. 8, „ 11 „ May 12, „ 5 „ 434 14 8| 
5.243 9 4, Ap. 1, „ 10 ,, June 26, »» 5 „ 236 *l 
6. 284 6 4^, May 1, „ 7 „ June 7, „ 5 „ 277 6 2 



TRUE DISCOUNT. 

54. The Bankers* discount is always in excess of the true discount; 
for the true discount is obviously the interest of the present worth of 
the bill for the given time, and not the interest of the amount of the 
bill itself. 

1. What is the true discount and present worth of a bill of J6714 due 
at 4 months hence, at 6 per cent, per annum ? 

Here the interest of JSIOO for 4 months is J62, therefore £IQ0 paid at 
the present time will be equivalent to J&102 paid 4 months hence, 

V*. Discount on ^102 » £2 

2_ 
102 

,2 X 71 4 
102 
Present worth = ^6714 — jei4 « ^£'700. 



-CI - £- 



„ je714 -« £ ?^: = £U 



„ ^6714 — £ .?.. — ^6700 



In this case, the bankers* discount will be J614 5s. 7d.,that is, 58. 7d. 
in excess of the true discount. 

Or thus. Present worth ^102 » J6100 

.100 X 714 
102 
.-. Discount » £1U — ^700 » ^14, as before. 

2. What is the true discount and present worth of a bill of ^£78, due 
at 1 year hence at 5 per cent. ? jin8. £d 14s. 3}d. ; ^'74 58. SJd. 

3. Required the present worth of a bill of ^156, due at 1 year hence 
at 4 per cent. Ans. ^150. 

4. Required the present worth of ^'250, due 9 months hence, at 4 per 
cent, per annum. Ant. £242 14s. 4^. 

5. Required the present worth of «C64 10s., due 3 months hence, at 5 
per cent, per annum. 

Here the interest of JSIOO for 3 months is ^1 5s. 
.*. Present worth ^101 5s., or 2025s. >« jeiOO 

^664 lOs.. or 12908. - ^ ^^^^02^^ 

» je63 14s. Ofd. 

6. Required the present worth of J6350, due 511 days hence, at 3 
p. c. per annum. 
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The interest of iSlOO for 511 days it iSi). 
.*. Present worth £ 104^ « ^100 

^360 =. jel22A^ - ^335 lis. lOd. 
104 J 

Here £lO^ is the amount of iSlOO for 511 days at 3 p. c. ; hence we 
derive the following rale : 

Rule I, — To find the present worth of a given sum, multiply the 
given sam by 100 and divide by the amount of J6100 for the given time. 

When the time is expressed in days, the following rule is best adapted 
for calculation : 

Rule IT, — ^Multiply the given sum by 36500, and divide the product 
by 36500 increased by the product of the days and rate. 

Proof. In the foregoing example, the interest of iSlOO for the given 
time IS expressed by £ — ^^r — . 

OOO 

.-. Present worth ef ^(100 -f ^H^) — ^100 

/»«r/v « 1<>0 X 350 36500 X X*350 



je63o -X £ /:, — jeeoo. 



100 + 511 X 3 36600 + 511 X 3 
365 

7. Required the present worth of j£516, due 292 days hence, at 4 per 
cent, per annum. Ant, J6500. 

8. What sum lent at 5 per cent, for a year would produce ^630? 

Sum to produce ^6105 » iSlOO 

>100 X 630 
105 

9. What sum lent at 4 per cent, for a year would produce iS520? 

Ant. ^6500. 

10. What is the present worth of ^545 10s., payable, £2b lOs. at 6 
months, and the remainder at 12 months, at 4 p. c. discount ? 

Present worth ^25 lOs. - ^^^ ^ ^^^ ^^"' - ^S 

^620-i5?LX^0«^500 
1U4 

,• i£545 lOs. » £2b + ^500 » ^525. 

11. What is the present worth of ^6300, payable, ^100 at 4 months, 
^100 at 8 months, and the remainder at 12 months, at 5 percent, 
discount? Ant, ^6290 'Zs. 5jd. 

12. Required the present worth of a bill of jei64 4s., drawn May I, 
at 3 months, and discounted May 23, at 6 per cent per annum. 

Here the bill would be due on Aag. 1 , but allowing 3 days of grace it 
is due on Aug. 4. From May 23 to Aag. 4 is 73 days, which is the 
time the bill has to run ; hence we have by Rule II, — 

D * -4.U 36500 X ^1 64 4s. ^,,„ ^ ^,, 

Present worth - ^.^^O + 73 X b " ^^^^ ^^' ^*^- 
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55. Exercisei, Find the trae present worths of the bills of the 
exercises Art. 53, page 69. 



£ s. d. 


£ t. d. 


1. 205 8 1 If 


4. 435 2 1 


2. 263 16 1 


6. 236 4 Uf 


3. 298 15 3} 


6. 277 9 6j 



COMMISSION, INSURANCE, BROKERAGE, ETC. 

56. Commimon is an allowance of so much per cent, to an Agent 
for buying or selling of goods, or any other property. Brokerage is a 
similar allowance to a Broker for negociating the sale of stock, or bills, 
&c. Insurance is a contract in which the Underwriter of a compaay 
engages to repay losses that may be sustained by the insured, in consi- 
deration of a certain allowance per cent., called the'premium. 

To find the allowance of commission, insurance, or brokerage, as the 
case may be, on a given sum at a given rate per cent., mtdtiply the turn 
by the rate and divide by 100. The calculation is often simplified by the 
method of aliquot parts, as in the following example. 

1. Required the premium of insurance on j£320 4s. 6d.,at J64 58. lOd. 
per cent. 



8. d. 

320 4 6 

4 



5s. = i 
lOd. = i 


1280 18 
80 1 
13 6 




H 

lOi 


100) 


1374 5 


iif 



Here, the multiplication of the sum 
by the rate is performed by multiply- 
ing by 4 and taking parts for 58. lOd. ; 
the product thus obtained divided by 
100 gives the premium required. 



13 14 lOi 

2. Required the premium of insurance on J6256 4s. 8d., at J63 88. 3d. 
per cent. Ans, £S 14s. 10|d. 

3. Required the commission on «£*882 8s. 3d., at 3^ per cent. 

Ans. £Z0 178. S^d. 

4. Required the brokerage on o£420, at ^ p. c. Ant, £2 2s. 

5. What is the brokerage on ^1^473 9s. 5d., at 5s. 6d. p. c? 

Ans. £1 63. 0|d. 

6. If an Agent gets Is. 6d. in the pound for collecting rents, how 
much does he get per cent. ? 

Commission on J6l = Is. 6d. 

jeiOO = Is. 6d. X 100 = ^'i 

7. Two pence in the shilling is how much per cent.? Ans, 16}* 

8. What sum roust be insured, at 8^ per cent, on goods worth j630O, 
so that, in the case of loss, the owner roay be repaid the value of the 
goods as well as the premium of insurance ? 

Herei£'100 insured, in the case of loss, will give the insurer iSlOO 
— ^8^ or £2H\ hence we write, 



BOTINO AND 8BLLIKO STOCKS. t3 

Sam insured to give ^91^ » iSlOO 

^300 - ^lOOXiOO _ ^32, „ ,jj 

Here, we multiply the value of the goodt bj/ 100, and divide by 100, 
less bt/ /Aff rate, 

9. Required the same as in the last example, when the rate is lOj, 
and the valae of the property is J&'1790. Am J62000. 

10. Required the same as in Ex. 8, when the rate is 5|, and the value 
of the goods is ^6969 6s. 3d. Aru. ^£1028 88. ll^d. 

11. Required the premium on a policy of «£450 at £2 48. per cent. 

Am. £9 18s. 

12. Bought a property for ^520, with a gross annual rental of ^35, 
out of which I paid 4 per cent, to the house agent for commission, and 
£Z for rates; what per centage did I receive on my money? 

35 X 4 
Deduction for commission and rates ^ * f- 3 ■» iS4*4, 

.*. Net rental » £^5 — £A'A -> ^630-6, 

.-. Int. on Je620 — ^630-6, .-. Int. on ^6100 — je^JI~^i2? ^ £5 17s. S^d. 

13. Required the same as in the last example, supposing the charge 
for commission to be 5 per cent, and the rates £6, Am, £5 4s. 9-^d. 



BUYING AND SELLING STOCKS. 

57* Stock is the debt owing by Government, called the Public 
Funds, or it is the capital of a bank or any trading company. The 
price of stock varies with the state of the money market, &c. When 
the market price of ^100 stock is j£!100 the funds or shares, as the case 
may be, are said to be at par, when the price is less than J^lOO, they 
are said to be at a discount, and when the price is greater than JSIOO, 
they are said to be at a premium which very seldom happens with the, 
funds. Good railway shares, and other kinds of securities, giving a 
high per centage, are generally at a premium. 

1. What would a person have to pay for j£250 stock, at 93^ per cent., 
the charge for brokerage being i per cent. ? 

Cost ^100 stock » ^93} + ^i » ^93i 
.-. „ .6250 „ = £M^^^ == ^233 88. 9d. 

Here, to find the cost of stock, we multiply the amount of stock by 
the price per cent, added to that of the brokerage, and divide by 100. 

It will be observed that it is customary to charge the brokerage on 
the nominal value of the stock; whereas, according to mathematical 
principles, it should be charged upon the money actually paid for the 
stock. When the stock is at a discount, the usual mode of calculation 
gives an advantage to the broker, and on the contrary, when the stock 
is at a premium the advantage is in favor of the purchaser. For ex- 
ample, the purchase of JSIOO stock, at jC'50 per cent, would give £i to 
the broker, according to the usual mode, whereas if the charge is taken 
on the £&0 it would only give £-1^ brokerage. 
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2. Required the respective costs of the following amonnts of stock, at 
the given prices per cent., the brokerage in each case being } per cent.; 
£M0 at 72f ; ^375 at 90^; ^625 at 79}; i£'250 at 90}; iei50 at 93^; 
£nO at 62f. 

Ans. ^'291 ; ^339 16s. lO^d. ; ^496 Is. lOid. ; ^226 5s. ; £U0 3s. 9d.; 
^6469 lis. lid. 

3. What is the valae of ^625 of Bank Stock at 175^ per cent. ? 

Jns. ^1096 178. 6d. 

4. What quantity of stock (neglecting the charge of brokerage) can 
be purchased for jSr200, at 184 per cent.? 

Amount of stock for jei84 » <£100 

^1200 = ^ci5Lj|i?5? = ^6662 38. 5id. 

5. Required the quantities of stock which can be purchased at the 
given prices per cent., as in the last example, for the following sums: 
for^360at90; for ^'5166 at 215}; for^l70 at 73jt; for ^1200 at 159; 
for jeeOO at eij; for ^780 at 89}. 

Am, ^400; £2^00; ^6232 Is. 7id.; ^754 14s. 4d.; ^'971 ISs. 2)d.; 
^873 18s. llfd. 

6. What quantity of 3 per cent. Consols will i6780 purchase at 97} 
per cent., brokerage being } per cent, charged on stock purchased? 

In this case, the cost per cent. *= 97| + J =* 97 J; hence we write, 
Amount of stock for ^697^ — ^lOO 

100 X 780 

97i 

7. What quantity of stock will J6291 purchase at 72f per cent., bro- 
kerage being } per cent. ? Ant, iS400. 

8. What rate per cent, interest will be got by buying 3 per cent 
stock at 72 per cent. ? 

Here as ^72 is paid for i£100 stock we have 

Int. on ^72 » ^3 

... .. ^I00 = ^^i20„£4i. 

9. What rate per cent, interest will be got by buying 5 per cent, rail- 
way stock, at 112 per cent. ? Ans. 4^. 

10. What rate per cent, interest will be obtained by baying Bank 
Stock at 91 per cent., the dividend being 6| per cent.? Ans, 7i« 

11. A person bought c£100 Bank Stock, giving 8 per cent, dividenat 
for ^160, besides paying } per cent on the purchase money for broker^ 
age. What rate per cent, interest will he get for his money? 

Cost ^100 stock = ^160 + ^15^AJ ». ^eiSOJ, then 
Int. on ^160J = £8 

.-. „ ^100 = ce?-^il?? = ^4 198. lOid. 

loOj 

12. Required the same as in the last example, when J6120 is paid for 
jSIOO stock at 5 per cent. Am, £^ 3t. 2]d. 



„ ^780= - — .C/ ■ =^6800. 
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13. If iS500 stock, at 3^ per cent., cost j£454 28. 6d. including 
brokerage, what will be the rate per cent, interest? 

ilfM.>i63 178.0^. 

14. jfilOO stock, at 4 per cent., can oe bought for J&98; and iL'lOO 
stock, at 5 per cent., for ^120; which 's the better investment? 

^fu. The interest on the former is 4^ per cent., and on the latter 4^. 



EQUATION OF PAYMENTS. 

58. The object of this role is to determine the time at which 
several debts, payable at different times, may be discharged at once. 

Common Rtue. — Multiply each debt by the time at which it is due, 
then divide the sum of the products by the sum of the debts, and the 
quotient will be the time required. 

1. If a debt of JS300 be payable at 4 months, and another debt of 
j£800 at 8 months ; at what time may the whole be paid ? 

Th^ «me - ?20|5l±|^ - fflS - 6H mon. - 6 mon. 27 d. 

2. If one person owe to another ^'360 payable in 6 months, and £&4tO 
payable in 16 months; in what time may the whole be paid, without 
Joss to either party? jins. 12 mon. 

3. A merchant bought goods to the value of «iS900; iSl20 was to be 
paid at the end of 2 months ; j£400 at 4 months ; and the remainder at 
12 months ; at what time may the whole be paid ? 

Ant. 7^ mon., or 7 mon. 3 days. 

4. Bought goods to the value of ^800, of which ^240 was to be paid 

at once, and the remainder at the end of 18 months ; at what time may 

the whole be paid ? 

T *u- *u *• 240 X + 560 X 18 ,_, 

In this case, the time -^ -— ** 12f mon. 

5. Required the same as in the last example, when ^460 is to be 
paid at once, and £M0 at 8 months. jins, 3 mon. 12 days. 

6. A owes B j£*1200 ; of which ^'220 is due at 4 months ; £H0 at 12 
months ; and £64lO at 18 months ; at what time may the whole be 
paid ? Ans. 13 mon. 22 days. 

7. Required the same as in the last example, when ^200 is due at 30 
days ; ^250 at 60 days ; and jei20 at 85 days. Ans. 54 days. 

The foregoing rule assumes that the interest of a debt, payable at a 
certain time hence, is the proper discount on that debt. In Ex. 1, let 
5 be the rate of interest ; then the Bankers* discount of the two debts 

.,, , 300 X 4 X 6 , 800 X 8 X 6 j ^u j- 4, ..u i. i 

12 X 100 "^ 22 X 100 * discount on the whole 

payable at the time required in months will be ^ — tttt: ; but 

'^^ ^ 12 X 100 ' 

the discount in each case must be the same, 

1100 X time X 6 ,„^^ ^ . «^„ «. 5 

(300 X 4 -f 800 X 8) X 



12 X 100 ^ ^ ^ '^ -"^ 12 X 100 

300 X 4 + 800 X 8 



Time 



1100 

b2 



76 VROPIT AND LOSS. 

When the times of payment are short, the errors arising from the use 
of this simple mle are small. The following rale gives the true time of 
payment. 

Rule, — Find the present valae of the several debts at the given rate 
of interest (Art. 54); then find the time at which this sum will amount 
to the sum of the debts (Art. 51); this result will be the time required. 

For example, let 6 be the rate of interest in Ex. 1, then 

Present value debts - ^-^-"i^ + 822><i2? _ ^1063-348. 

102 L04 

Now we have to find in what time this sum will amount to the whole 
debt. 

Int. of iSl063*348 for 1 year ^ iS63'8$ hence we have by Rule 

Art. 51, 

^. 1100—1063-348 ^^^^ ^ ^^. 

Time ■» ^^ y. mm •5744y. = 6 mon. 26 days. 

8. Required the trtie time at which the following debts may be paid 
at once; ^505 due at 3 months; J6255 at 6 months; and ^412 at 9 
months ; the rate of interest being 4 per cent. 

Here we find the present value of the debts to beiSll50, and the 
interest of this sum for 1 year to be JS46 ; then as the sum of the debts 

is ^1172, we find, the time required = j^ y. i^t gy. ■» 5 

months 22 days. 

9. Find the tnte times of payment in examples 2, 3, the rate of 
interest being 6 per cent. 4n9. 11 mon. 26d. ; 7 mon. 
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59. By this rule we find how much is gained or lost by the baying 
and selling of goods. 

1 . Bought a cwt. of rice for £l 4s., and sold it at 3^d. per lb. ; required 
i the gain on the whole. 

je s. d. 
Selling price « 112 X 3}d. « 1 10 4 

Cost price ae i 4 

GaiQss 6 4 



2. Bought 25} yards of linen for £l 14s. l|d., what is gained by 
selling it at Is. lOfd. per yard? Ans. 14s. 2|d. 

3. Bought 118 lbs. of tea, at 3s. lOd. per lb., and sold it at 3s. 5d., 
what is the loss on the whole? Am. £2 98. 2d. 

4. Bought 25 articles at ].ls. 6d., and sold them at 13r. 2d. each, 
what is the gain? Aru. £2 Is. 8d. 

5. Bought 68 yards of flannel at 3s. 8d. per yard, at what price per 
yard must it be sold to gain ^6? 

Gain per yard <» iS6 ^ 68 »» Is. 9d. 
.% Selling price per yard «> 3s. 8d. + I** ^^' == &*• ^* 
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6. Boaght 60 articles at 38. 3d. each, at what price must they be lold 
to gain 156.? Ans, 38. 6d. each. 

7. Sold 156 articles at 78. 2d. each, and gained £2Z; required the 
cost price of each ? ^nt, 48. 2jld. 

Given the prime cost and selling price, to find the gain or loss p. c. 

Obt. Per-centages are always calcalated on the prime cost. 

8. JBonght tea at Ss. 3d. per lb., and 8old it at Ss. 8d. per lb., what is 
the gain per cent. ? 

Gain on 3s. 3d. or 39d. ^ 5d. 
.*. Gain on JS39 — £5 

., jeioo - ie^i22 « jei28 

« £\2 168. 4^. 

9. Bonght goods at Is. 9d. per lb., and sold them at 2s. 3d. per lb., 
what is the gain per cent. ? Am, 28|. 

I0\ Bonght goods for £B, and sold them for ^10, required the gain 
percent.? Ans. 25. 

11. Bonght goods for £50, and sold them for iS60, required the gain 
per cent. ? Am, 20. 

12. If sngar be bought at £2 6s. 8d. per cwt., and sold at £2 1 Is. 4d., 
what is the gain per cent. ? Ana, 10. 

13. If tea be bought at 68. 2d. per lb., and sold at 58. lOd. per lb., 
what is the loss per cent. ? 

Here the loss on 74d. is 4d., therefore 
Loss on j£74 as ^4 

„ ^100 — jeiili29 « £5^ or £5 Ss. 1 J(d. 

14. Bought goods at ^24 3s. 9d. per ton, and sold them at «£22 158. 
per ton, what is the loss per cent., and what is the loss on the sale of 
19 tons IQi cwt.? Jm, £5 IBs. lO^d. ; ^28 128. lOd. 

Given the prime cost and gain or loss per cent., to find the selling 
price. 

15. Bought goods at 88. 9d. per lb., how must they be sold to gain 
16 per cent.? 

Here the selling price of iSlOO is J6116, therefore 
Selling price of lOOd. ^ 116d. 

.-. Selling price of 88. 9d. or 105d. — ^^^\^ ^^^ = lOs. Ifd. 

16. Bought goods for ^6, how must they be sold to gain 5 per cent. ? 

Ans. £6 68. 

17. Bought goods for iSl5, how must they be sold to lose 5 per cent.? 

Selling price of ^100 » ^695 

>95 X 15 
100 

18. Bought goods for £l Is. 3d., at what price must they be sold so 
that the loss may be 7 per cent.? Ans, 198. 9d. 



£15 — £ ,^^ " « jei4 6s. 
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19. If sugar cost £2 10s. per cwt., how mast it be sold to gain 5 p«r 
cent., and how to gain li and 10 per cent. ? 

Jnt, £2 128. 6d.; £2 138. 9d.; £2 Us- 
Given the gain or loss per cent, and the selling price to find the 
cost price, S^c, 

20. If 13 per cent, be gained by selling tea at 3s. 8d. per lb., what 
was the cost price? 

Here the cost price of ^113 is i£lOO, therefore 

Cost price of 113d. » lOOd. 
.•. Cost price of 3s. 8d. or 44d. « — — - — d. b 3s. 2}d. 

21. A person sold goods for £169, and gained 30 per cent., what was 
the cost price ? Ans, ^130. 

22. Sold goods for ^144, and lost 10 per cent., what was the cost 
price? Ant, ^6160. 

23. Sold cloth at 28. 5d. per yard, and gained 20{ per cent., what was 
the cost price ? Ans. 2s. 

24. If 10 per cent, be gained by selling goods for iS33, at what price 
must they be sold to gain 25 per cent. ? 

As in the foregoing examples, we find 

Cost price « ^25^^.1! = £^o 

Selling price J&IOO == ^125 

^•30 ^ ^IHl^ = ^37 lOs. Ans. 

Or thus. Omitting the last step in the foregoing process, we have. 

Selling price ^100 X # == ^126 X -^ «= ^37 lOs. 
By this method we avoid the calculation for the value of the cost price. 

25. If 4 per cent, be gained by selling tea at 48. 4d. per lb., at what 
price must it be sold to gain 10 per cent. ? Ans, 4s. 7d. 

26. If 7 per cent, be gained by selling articles at 5s. 6d. each, how 
must they be sold to gain 25 per cent. ? Am. 63. 5d. 

27. If 25 per cent, be gained by selling sugar at £2 10s. per cwt., 
how much is gained per cent, by selling it at £2 28.? 

Here, Cost price == £}^2^3 = £2 
.*. Gain on £2 «=: 28. 

/-,«^ 28. X 100 r.r A 

„ ^'100 =■ ^ =r ^'5. Ans. 

28. If 5 per cent, be gained by selling articles at £\ lis. 6d. each, 
how much is gained per cent, by selling them at £\ 12s. 3d. each? 

Ans, 7). 
Given the cost and selling prices to find the number of articles. 

29. Bought articles at 38. 3d. each, and sold them at 3s. 6d.; how 
many of them must be sold to gain ^5 ? 

Gain on 1 article ^s 3s. 6cl. — 3s. 3d. =: 3d. ; 
.«. No. articles = ^65 -f- 3d. = 5 X 20 X 12 -4- 3 — 400. 

30. How many of them must be sold to gain 128. 6d. ? Ans, 50. 



VAUTNBRSHIP OR PBLL0W8H1P, BTC. 79 

31. Bought a package of tea for £21, and sold it at 38. 9d. per lb., 
and thereby gained 25 per cent. ; how many lbs. were there ? 

Cost price of 125d. ■» lOOd.; .*. Cost price of Id. ^ |d. 

•*. Cost price of 38. 9d. or 45d. «» |d. X 4^ ■* Ss. ; 

.-. No. lbs. == ^27 -T- 38. = 180. 

32. Find the no. lbs., supposing the gain to be 20 p. c. Am, 172|. 

33. Bought coffee at 18d. per lb., and the same quantity of another 
sort at 12d. per lb., and sold the mixture at le^d. per lb., and thereby 
gained 88. 4d. ; how many lbs. of each sort were there ? 

Cost price mixture per lb. ^= i (18d. + 12d.) ss I5d. ; 

.-. Gain per lb. ■= IS^d. — 16d. « l^d. ; 

.*. Total no. of lbs. » 88. 4d. -^ Ijd. » 62|; 

and no. lbs. of each sort "s ^ of 62} »« 31). 

34. Find the no. lbs., supposing the cost of the two sorts of coffee to 
be at 18id. and 13d. per lb. Am, 66]. 

35. A woman bought some apples at 2 for Id., and as many at 4 for 
Id., and sold them at 5 for 2d., and found that she had gained Is. ; how 
many of each sort did she buy ? 

Cost price of each apple ^ } (j^d. + id.) ^ |d. ; 
Selling price of each apple «» fd. ; 

.*. Gain on each apple ». | — } ^ ^, ; 
but she gained 12d. in selling the total number, 

.*. Total number » 12d. -r ^. »» 12 x 40 « 480; 
and the no. apples of each sort »» i of 480 ^ 240. 

36. Find the number, supposing she sold them at 7 for 3d. Am, 1 12. 



60. PARTNERSHIP OR FELLOWSHIP, AND DIVISION 

IN RATIOS. 

1. Two partners, A and B, gain by trade £S5; the capital put in by 
A was j£25b, and that by B .6170; what is their respective shares of 
the profit ? 

Here, the total sum in trade is J6420, with which JS35 are gained ; 
then 

Gain on ^£420 » ^'35 

£1 « £^ 

,35 X 250 

420 

,35 X 170 

420 

2. A*8 stock or capital £S15, B's ^625; whole gain ^6282 16s. 

Am, A's ^164 198. 4d. ; B*8 ^'117 168. 8d. 

3. Three merchants. A, B, and C, make a joint stock, of which A 
contributes J&350, B i:500, C J^800. What is the share of each in a 
gain of i&440? Am, A*8^*93 68. 8d.; B*8^']33 68. 8d.; C*8^'2l3 Bs. 8d. 

4. A bankrupt owes to A ^413 6d. ; to B ^'631 14s. 9d. ; to C ^362 
78. lid.; to D i;500; and to £ j£'121 8s. 2d.; but his whole estate 



•*• »» 

„ ^6250 ■» £ "" Z""^ — ^0 168. 8d. A*8 share. 

„ jei70 « ^ "" ^/'" -» ^14 38. 4d. B's share. 
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ainoTints only to i6l050. How much can he pay in the pound, and what 
is the divend of each creditor? 

Here the sum of the debts is ^£2028 16s. lOd. » 486922d., and iSlOSO 
« 252000d., that is, the sum to pay 486922d. is 252000d;, or what 
would be the same thing 

Sum to pay ^486922 ^ ^£252000 

X*l = J^iWk =- ^-51 7536'; or lOs. 4d. 
that is. the sum paid in the pound will be «i6'5175367 or lOs. 4d. 
.-. A's dividend » ^413 6s. X '5175367 — ^13 17s. \l^. 



This is best calculated by aliquot 
parts as shown in the margin, where 
we multiply by 41b, and take parts 6s. as \ 

for the 6s. Is. -= J 



'6176367 
413 



213*7426571 
•1293841 
-0258768 



213'8979180 
-> je213 17s. lljd. 

In like manner, B's dividend « ^£631 14s. 9d. X *5175367 » j6326 
18s. 11}<1.; and proceeding in the same manner, we find, C*s J8187 
lis. 0}d.; D's £2b% 15s. 4}d.; and E's ^62 16s. 8d. 

The sum of all these dividends is ^£'1050 (less by a farthing), which 
proves the accuracy of the calculation. 

By the method of Ex. 1, we find 

*. J. J J Jf 413 6s. X 252000 /,,,« ^ if,„i.««K 

A's dividend =« « ^6413 68. X '6175367 as before; 

and so on to the other dividends. 
The following questions may be solved in a similar manner. 

5. A's stock ^'297 I6s. 4d., B's j£350 15s. 9d.; whole gain ^*294 
Os. lO^d. Ant. A's j£'135 Os. 3id.; B's <£l&9 Os. 7d. 

6. A's stock ^174 8s. 3d., B's ^402 5s. 8d., C's ^'310 16s. Id. ; whole 
gain ^397 198. 4d. 

Ans. A's M1Q 4s. 2d.; B's JSISO 7s. 9id. ; C's ^139 7s. 4id. 

7. A bankrupt owes to A ^450; to B £'430 ; to C ^£320; to D £*76; 
and to B MbO ; but his whole estate amounts only to iL'625. What is 
the dividend of each creditor? 

Ans. A's £'212 5s. 3}d.; B*s <£202 16s. 7^.; C's ^£150 188. lOJd.; 
D's £Zb 7s. 6^; E's £'23 lis. S^d. 

8. Divide 72 into two parts, which shall be as 6, 3. Ant. 45, 27, 
Here 5 + 3 =» 8. Now supposing 72 to be divided into 8 equal parts, 

we have, 1 part ae } of 72 sb 9, .*. 5 parts &> 9 X 6 ^ 45, and 3 parts 
= 9 X 3 == 27. 

9. Divide 84 into 3 parts, which shall be as 3, 4, 6. Ant. 21, 28, 36. 

10. Divide £18 into shares, so that A may have 3 shares, and B 5 
shares. Ant. £6 15s.; £11 5b. 

11. How much copper and tin are contained in a bell weighing 300 
lbs., supposing the bell-metal to be composed of 3 parts of copper and 
1 part of tin ? 

Dividing the weight of metal into 4 equal parts, we have 
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Wt. 1 part -> } of 30U lbs. » 75 Iba. wt. of tin 
„ 3 parts » 75 lbs. X 3 -■ 225 lbs. wt. of copper. 

12. GoDpowder is composed of 76 parts of nitre, 14 of charcoal, and 
10 of sulphar : how many pounds of each ingredient will be requisite to 
make a cwt. of powder? Am, 85^; 15^; 11}. 

13. A crew of a vessel consisted of a captain, 2 officers, and 7 sailors ; 
it is required to divide a prize of J^289 amongst them according to each 
man> pay, viz., at the rate of 10s. for the captain, 58. for each officer, 
and 2s. for each sailor. 

Here, 10s. + 5s. X 2 + 2s. X 7 «» 348. ; then 

Prize money on 348. »» ^'289 

10s. - J&???^^i? — ie85. captain's . 

„ 5s. s jS42 10s., each officer's 

„ 2s. ss J617, each sailor's. 

Or thus. Sailor's share in 348. »» 2s. 

ie289 - £ ^ ^J^^ = ^17. 
o4 

And 80 on to the others. 

14. Divide i£4 5s. amongst 3 bricklayers and 2 labourers according to 
their rate of wages, a bricklayer's wages being 4s. per day and a 
labourer's 2s. 6d. 

Aru. JSI to each bricklayer; 12s. 6d. to each labourer. 

15. Divide 1 6s. 4d. between A and B, so that A's share may be } of B's. 

Supposing B to have 5 shares; A will have 2 shares, because ] of 5 is 
2 ; then dividing the sum into 7 shares, we have 

Value 7 shares ■■ 16s. 4d. 
„ 5 „ s 16s. 4d. X i(«B lis. 8d. B's 
„ 2 „ » 16s. 4d. X I -■ 4s. 8d. A's. 

16. Divide £Qd amongst A, B, and C, so that A's share may be } of 
B's, and C's } of B's. Ans, A's £2'i ; B's £Z6 ; C's £d. 

17. Divide ^'66 iOs. amongst 3 liaen, 2 women, and 6 boys, so that a 
woman may have twice as much as a boy, and a man as much as a boy 
and a woman together. 

Taking each boy's portion as one s/iaret each woman will have 2 
shares, and each man 3 shares; and therefore the number of shares 
-=1X6 + 2X2 + 3X3=- 19; then 

Value 19 shares » £6S IOs. 

JC66 10s. ^, ,^ , . , 
„ 1 „ "= — r^ — 9*^3 10s., boys share; 

„ 2 „ as iS7, woman's share; 
„ 3 „ ^ j610 IOs., man's share. 

18. Divide JS20 amongst A, B, C, so that A shall have twice as much 
as B, and B thrice as much as C. Arts. i812 ; £6 ; £2, 

19. Divide £21 amongst A, B, and C, so that A shall have one-half 
as much as B, and C shall have twice as much as A and B together. 

Am. £2; ^6; Jei8. 
e5 
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20. A road passes through two parishes ; in the first parish there are 
4 miles of it; and in the second 5 miles; if the repairs of the road cost 
^'63, what mast each parish contribute ? 

Here, Cost on 9 miles »= ^63 

„ 4 „ »= je? X 4 = £2S 
„ 6 „ =-^7X6 = £Z5 

21. A road passes through three parishes; in the first parish there 
are 3 miles of it; in the second 2 miles; and in the third 5^ miles; if 
the road cost j£42 in repairs, what must each parish contribute ? 

Arts. igl2; ^8; ^"22. 

22. Suppose a traveller to go from London to York at the rate of 5 
miles an hour, and another at the same time from York to London at 
the rate of 3 miles an hour; where will they meet, the distance between 
the places being 200 miles? Aru, 75 miles from York. 

Here we have to divide 200 into two parts which are as 5, 3. 

23. Divide a proverty, valued JS240, amongst A, B, C, in the follow- 
ing manner : A to have J of the whole, and the remainder to be divided 
between B and C, so that B shall iSlO more than C. 

Arts. A*siei60; B'sJe45; C*8 j£35. 

24. Divide unity into three parts, which shall be as 2, 4, 5. 

Aru, -ft, -ft, ^, 

25. A owns '45 of a ship and B the rest ; the difference of the value 
of their shares is ^90*7 ; what is the value of the ship ? 

B's share =* 1 — '45 = '55; .*. Diff. of their shares = '55 — '45 = •!; 
.-. Value ^^J — ^•90-7 ; .-. Value whole = ^£'907. 

26. What is the value of the ship if A owns -43? Arts, ^647lf. 

27. A mass of copper and tin, weighing 64 lbs., contains 5 lbs. of 
copper for every 3 lbs. of tin ; how much copper must be added to the 
mass, so that there may be 9 lbs. of copper for every 4 lbs. of tin ? 

We shall first find the respective weights of the copper and tin in the 
mass. Dividing the weight of the mass into 8 equal parts, 5 of them 
will be copper and 3 of them tin, that is, 

Weight of copper ss | of 64 lbs. == 40 lbs., and 
„ tin « { of 64 lbs. = 24 lbs ; 

but, in the new compound, the weight of the copper is { of the weight 
of tin, 

.*. Weight of copper =: f of 24 lbs. ae 54 lbs. ; 
.*. Weight of copper to be added ^ 54 lbs. — 40 lbs. ae 14 lbs. 

28. Required the weight of copper that must be added, when the 
weight of the mass is 48 lbs. Ans. 10^ lbs. 

29. In 100 parts of air there are 21 of oxygen, and 79 of nitrogen ; 
how many feet of oxygen are there in an apartment containing 3000 
feet of air? ^nx. 630. 

30. Air expands the 490th part of its volume, at 32^, for every degree 
that it is increased in temperature. If 70 feet of air has a temperature 
of 32^, what would be its volume when its temperature is 46^ ? 

Here the increase of temperature »* 46® — 32*^ ^ 14'^ ; then 

Expansion for 1<> » ^^ « f; .*. Expansion for 14° » ^ X 14 as 2; 
.*. The volume » 70 + 2 » 72 ft. 
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31. 100 c. in. of air is at the temperature of 42®; what would be its 
volume at it 32°? 

Here the decrease of temperature -« 42° — 32° =■ 10°. Now if 1 
be the volume at 32^; then the volume at 42° « 1 + ^J^ x 10 — « 1^, 
that is, the volume at 42° will be 1,^ times the volume at 32° ; 
.*. 1^ times -the volume at 32° as 100 n. in., 
.'. the volume at 32° = 100 -=- 1^ = 98 c. in. 

32. What would be the volume of this air at 62°? 
Here the increase of temperature == 62° — 32° « 30°; 

.-. Vol. of the air at 62° « 98 -f ,% X 30 -. 104 c. in. 

33. 162 c. in. of air is at the temperature of 82°, what would be its 
volume at 62°? Ant. Vol. at 32° «. 147, vol. at 629 «. 156. 

34. The pressure or elasticity of air is inversely as the space which it 
occupies. Air occupies the space of 72 c. in. when the pressure upon 
it is measured by a mercury column of 30 inches; what will be its 
volume when the pressure upon it is 27 inches ? 

Vol. air at 30 in. pressure »» 72 c. in. 

„ 1 „ — 72 X 30 « 2160 

„ 27 „ as ^ of 2160 » 80 c. in. 

35. Air occupies the space of 124 c. in. when the pressure is 28 in.; 
what will be its volume when the pressure is 31 in.? Ant. 112 c. in. 

36. Air occupies the space of 118 c. in. when the pressure upon it is 
measured by a mercury column of 30*5 inches and tem;?erature 52°; 
what will be its volume when the pressure is 29 '5 inches and the tem- 
perature 32°? 

Here we shall first find the change of volume due to the change of 
pressure. Proceeding as in Ex. 34, we find 

Volume at 29*5 pressure « ^qTr — "" ^^^ ^' ***• 

Now we have to reduce 122 c. in. of air to the volume corresponding 
to 32°. The decrease of temperature « 52° — 32° = 20°; then, pro- 
ceeding as in Ex. 31, if 1 be the vol. at 32°, the vol. at 52° » 1 -f ^ 
X 20 » 1,^. that is, 

1 j^ times the vol. at 32° » 122 c. in. 

.-. the vol at 32° = 122 -M^ — 11 7^ c. in. 

37. What would be the volume of this air at 83°? 
Here the increase of temp. = 83° — 32° =«s 51° ; then 

Vol. at 83° = U7it + 117Jt X ,% — 129iSf c. in. 

38. Air occupies the space of 159 c. in., at 72° temperature, under a 
pressure of 28 inches mercury column; what will be its volume when 
the temperature is 81°, and the pressure upon it is 30 inches? 

Am, Vol. at 32°, pressure 30 -» 137-2 ; Vol. at 81° « 150*92. 

61. Rttle €f Compound Fellowship, — When the times, during which 
the different stocks remain in trade, are unequal, we multiply each 
stock by the time of its continuance, and then proceed as before. 

1. A*s stock of ^240 was 4 months in trade; B's stock of i6120 was 
10 months ; required the share of each in a gain of ^'60. 
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The valae of any giyea stock (as regards the interest of the trading 
firm) is proportionaJ to the time of its continuance; thus the useot 
^100 stock for 4 months will he the same as the use of iS400for I mon. 

j£240 X 4 =: 960 A*s stock for 1 mon. 
J8120 X 10 « 1200 B's „ „ 

2160 whole „ „ 
Then proceeding as in the case of single fellowship, we find 

A»s share - ^^^^^ = -^6 13s. 4d. 

B's share = ^e^^^Lli?? « £33 6s. 8d. 

2160 

2. A's stock of £170 was 4 months in trade; B*s stock of £280 was 

3 months ; required the share of each in a gain of £125. 

Ans, A's £55 ISs. 5d. ; B's £69 Is. 6}d. 

3. A's stock of £124 6s. 3d. was 10 months in trade; B's stock of 
£335 was 3 months ; C's stock of £"256 3s. 9d. was 6 months ; re- 
quired the share of each in a gain of £219 I9s. 4d. 

Am, A's £72 48. 9id. ; B's £58 8s. O^d. ; C's £89 6s. Sfd. 

4. Three persons rent a grass field at £54 ; A puts in 20 oxen for 5 
months; B 25 for 8 months ; and C 15 for 4 months; what part of the 
rent must each pay ? Ant, A's £15; B's £30 ; C's £9. 

5. A's stock of £450 was 8 months in trade; B's stock of £350 was 
12 months; now A's share of the gain was £72; required B's share. 

Here we find, Gain on £3600 «» £72 

,72 X 42 00 

3600 

6. A's stock of £60 was 3 months in trade ; B's stock of £50 was 

4 months ; now A's share of the gain was £36 ; required the whole 
gain. Ant, £76. 

7. Two graziers rent a grass field at £18 10s. ; A put in 60 sheep for 
10 months, and 8 oxen for 5 months ; B put in 20 sheep for 6 months, 
and 20 oxen for 9 months ; now it was agreed between them that 5 
sheep could eat as much as 1 ox $ what part of the rent ought each to 
pay? Am, A's £8 2s. 7^1. ; B's £10 7s. 4i)d. 



BARTER. 

62. Barter is the exchange of one kind of goods for another. 

1. How much tea at 4s. 6d. per lb. must be giyen for 63 yards of 
cloth at 4s. per yard? 

Value cloth » 4s. X 63 a^ 252s. ; Value tea per lb. » 4is. 

252 
.*. No. lbs. tea ■= —^ sas 56. 

2. How much tea at 2s. 3d. per lb. must be given for 45 yds. of linen 
at Is. 6d. per yd. ? Ant, 30 lbs. 



„ £4200 = £ ?:^^ — — £84 B's. 
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3. How much ram at 99. 2d. per gallon most be given for 20 bales 
of cloth at £15 58. per bale ? Am, 3283j^ gals. 

4. 75 yds. of cloth were given in exchange for 175 lbs. of tea, at 6s. 6d« 
per lb. ; required the valoe of the cloth per yard. 

Valae tea <« Gs. 6d. X 175; No. yds. cloth «i 75; 

ir 1 1 ^i_ J 6a. 6d. X 175 ,^ „. 

.'. Value cloth per yd. « — -» 15s. 2d. 

•'75 

5. 673} yds. of linen were given in barter for 193^ yds. of cloth at 
6s. 3d. per yd. ; required the value of the linen per yd. Arts, Is. 9id. 

6. Exchanged 84 qrs. of wheat, at 56s. per qr., and received.} of the 
value in sugar at 4} per lb., and the rest in rum at 16s. 8d. per gallon; 
how much of each was given ? Ans. 105|i gal. ; 8301^ lbs. 

7. Exchanged 14j yds. of cloth, at 158. 4d. per yd., and got in return 
equal quantities of coffee and chocolate, the coflf'ee being at lOd. per lb., 
and the chocolate at Is. 7d. ; how much was received of each ? 

Ant. 92 lbs. of each. 

8. Bought 6 qrs. of wheat at £2 168. per qr., for which I paid in cash 
JS6 16s., and the remainder in tea at 2s. 6d. per lb. ; how many lbs. of 
the tea had I to give ? Ans. 80. 

9. Bought 20 cwts. of sugar at £2 lOs. per cwt, for which I paid in 
cash J8l7, and the remainder in cloth at 7s. 6d. per yd.; how many 
yards had I to give ? Aru. 88. 



EXCHANGE. 

63. The object of this rule is to find how much money of one 
country is equal to a given sura of another. The par of exchange is 
the fixed or intrinsic value of the one compared with that of the other; 
but the rate or course of exchange is continually varying according to 
the circumstances of trade, &c. -Some places have two kinds of money 
one called banco, or bank money, the other currency or current money. 
Bills of exchange are tranacted in the former, and accounts are usually 
kept in the latter. The bank money is of purer metal than the cur- 
rency, and hence it bears a premium of 3 to 5 per cent ; this premium is 
called agio. The American pound, being in paper money, is of much 
smaller value than the pound British. Extended tables are given of 
the money, weights, and measures of different countries in works ex- 
pressly written on the subject ; the following tables of money will be 
found sufficient for the purpose of this work. 

United States.— I dollar = 10 dimes = 100 cents = 1000 mills. 

France, — 1 napoleon =: 20 francs; 1 franc =: 10 decimes =: 100 
centimes. 

Amsterdam. — 8 pennings ^^ 1 grote or penny flemish : 2 grotes or 16 
pennings == 1 stiver; 20 stivers ■» 1 florin or guilder; 6 Horins =s 1 
pound. Also 12 grotes or pence »» i skilling; 20 skiliings ^s 1 pound; 
50 stivers '*= 1 rix dollar. 

Portugal. — 1 milree <« 1000 rees, or 2 J crusadoes $ I moidore «» 4800 
rees. 

The following examples will sufficiently illustrate the principles on 
which calculations of this kind are conducted. 





5492-60 


3d.«i 


343-2876 


id.^J 


67-2146 
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1. Reduce JS492 3s. 4d. to American dollars, exchange at 4s. 7d. per 
dollar. 

No. dollars « "^'^^^ ^^' ^^' — 2147-636 — 2147 dol. 63-6 cents. 

48. 7d. 

2. Reduce ^246 Is. 8d. to American dollars, exchange at 4s. 7d. per 
dollar. Aru. 1073 dol. 82 ceuts. 

3. Reduce JS468 2s. 8d. to American dollars, exchange at 4s. e^d. per 
dollar. Jns, 2061 dol. 5*6 cents. 

4. Reduce 1373 dol. 16 c. to Eng. money, exchange at 4s. S^d. per 
dollar. 

1.373-15 

Here the value in Eng. money **• 

obviously s= 48. 3id. X 1373-16. 
The calculation in this case may 
be most conveniently performed 

by the method of aliquot parts, as 

shown in the margin. ^.1020s. 

= jC-294 13s. Id. 

6. Reduce 2806 dol. 71 cents, to Eng. money, exchange at 4s. 6|d. 
per dollar. Aru. ^'625 8s. 9|d. 

6. Reduce 3796 dol. 85 cents, to Eng. money, exchange at 4s. 7d. 
per dollar. Jns. ^*870 2s. 2}d. 

7. Reduce ^'191 48. Eng. to Araer. currency, at 71 percent, premium. 

Eng. ^100 s= ^'171 Amer. currency 

•*• »» *1 =*== ^\m »» »» 

„ £\2\i = ^*191i X IJg = ^326 19s. 0|d. 

8. Reduce JS183 12s. Eng. to Amer. currency, at 52 per cent. 

Arts. £219 Is. 6£d. 

9. Reduce ^398 6s. 9d. Amer. currency to Eng. money, exchange at 
69 per cent, premium on the British money. 

Here iSlOO sterling, or Eng. money, is equivalent to ^169 American 
currency, hence we write, 

jei69 Amer. currency ea jClOO sterling 
.-. j£-398 6s. 9d. „ = ^398 6s. 9d. X 488 = ^236 14s. OJd. 

10. Reduce iSl693 Is. 6d. Amer. currency to Eng. money, exchange 
at 66 per cent, premium on the British money. Arts. ^1019 18s. 6d. 

11. Reduce £IS'2 3s. 9d. to francs, &c, exchange at 23 fr. 60 c. per £, 

23 fr. 60 c. = 23-5 fr.; ^6182 3s. 9d. = 43725d. ; 
Value ^1 or 240d. «= 23-5 fr. 

.-. Value 43726d. = ^^^ ^,n^^^^ fr. = 4281 fr. 40 c. Ans. 

240 

Or thus by aliquot parts. 

Value £1 »= 23-5 fr. 

182 



Value ^'182 = 4277-0 
Value 3s. 4d. or J ot ^ ^ 3*91 66 
Value 5d. or } of 3s. 4d. ^ '4896 



4281-4062 « 4281 fr. 40 c. 
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12. Redace ^98 8s. 7d. to francs, &c., exchange at 23 fr. 57 c.per £. 

Ans, 2154 fr. 98-54 c. 

13. Reduce iS434 88. 9d. to francs, &c., exchange at 23 fr. 60 c. per £, 

Am. 10252 fr. 72^ c. 

14. Redace 1433 fr. 74 c to Eng. money, exchange at 24 fr. 36 c. 
per £, 

Here 1433-74 fr. — £ ^Ja "= ^^^ l'^- H^. 

15. Redace 37823 fr. 59 c. to Eng. money, exchange at 24 fr. 51 c. 
per £, Am. <£1543 38. 9id. 

1 0. Redace j6320 to francs, exchange at 25 fr. 25 c. per £, 

Arts. 8080. 

17. Redace J6241 18s. 5id. to francs, exchange at 24 fr. 37 c. per £. 

Ant. 5895 fr. 67 c. 

18. Redace 368 fr. 15 c. to Eng. money, exchange at 25 fr. 35 c. 
per £, Am. £14. 10s. 5id. 

19. A gentleman's bill amounts to 36 francs 95 cents; how much 
English money will be required to settle it, at 25 fr. 12 c. for ^l ? 

Am. £\ 9s. 5d. 

20. Reduce JS193 8s. 8d. to Flemish money, exchange at 37 skillings 
2 g^otes Flemish per pound sterling. 

Here ^8193 8,s. 8d. » 46424d.; J^l « 240d.; 37 sk. 2 gr. » 3568 
penningsj then 

Valne 240d. » 3568 pennings 

^/.^«^j 3568 X 46424 ^«^,w« 

„ 46424d. « ^ pen. — 690170 pen. 

240 

» 2156 fl. 15 St. 10 pen., or 359 pounds 9 sk. 3 gr. 2 pen. 

Here the pennings are reduced to stivers by dividing by 16, and the 

stivers to florins by dividing by 20. Or the pennings are reduced to 

grotes by dividing by 8, the grotes to skillings by dividing by 12, and 

&e skellings to pounds by dividing by 20. 

21. Reduce 1237 florins 15 stivers 4 pennings to Eng. money, ex- 
change at 36 skellings 10 grotes per pound sterling. 

Here the given sum b= 396034 pen. ; 36 sk. 10 gr. » 3536 pen. ; then 

Value 3536 pen. ^ £\ 
„ 396034 pen. -» £^^^ = ^1 12 Os. 0^^. 

22. Redace J6112 19s. 9}^d. to Flemish money, exchange at 34 sk. 
€ gr. per £. Jm. 1169 fl. 8 st. 10 pen. 

23. Reduce 361 pounds 9 sk. 2 gr. Flemish to Eng. money, exchange 
at 34 sk. 6 gr. per £. Am. ^'209 10s. 9^d. 

24. Reduce 3135 fl. 5 st. 15 pen. Flemish to Eng. money, exchange 
at 34 sk. 11 gr. per £. Am. ^'299 68. 3d. 

25. Reduce 1743 fl. 8 st. Ij gr. Flemish to Eng. money, exchange at 
35 sk. 3 gr. per £. Am. ^'164 17s. 3}d. 

26. Hov7 much currency is equal to 399 florins 8i| stivers Flemish 
Banco, agio at 3^ per cent. ? 

Here, 399 fl. Bj st. = 7988^ St.; and 
100 Bank money » 103J currency 

..oooi 103-5 X 7988-5 , ..«- o . ,i 
.«. 7988J „ " T^Q St. = 413 fl. 8 st. Ij pen. 
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27. How mnch carrency is equal to 24375 florins Flemish banco, agio 
at 4| per cent. ? jin». 25532*8125 fl. 

28. Reduce 219 florins 17 stivers Flemish currency to banco, agio at 
33 per cent. 

Here, 219 fl. 17 st. = 4397 st. ; and 
lOSj currency «= 100 banco 

... 439^ St. „ « 151^iM? 8t. = l^Jf p St. 

» 4238 St. 1 pen. sr 211 fl. 18 st. 1 pen. 

In dividing by 415 the remainder is multiplied by 16 to bring the 
stivers to pennings. 

29. Reduce 1966 florins currency to florins banco, agio at 2^ per cent. 

Ant, 1922'7383fl. 

30. Reduce £62 17s. 3d. to Flemish currency, exchange at 36 sk. 
3 gr. per £ sterling, agio at 4 per cent. 

^£62 17s. 3d. =» 15087d.; 36 sk. 3 gr. « 36^ sk.; then 

100 banco = 104 currency 

1 „ « 1-04 „ 

.«. 16087d. ., «= 104 X 15087d. 

Value 240d. «r 36^ sk. 

... Value 1-04 X 16087d « ^^^ ^ ^gTo^ ^^^^"^ ^^' "" 2369-91626 sk. 

s 118 pounds 9 sk. 10*995 gr. Arts. 
Or the result in florins = 2369*91625 X {^ = 710974875 florins. 

31. Reduce £S\0 sterling to Flemish currency, exchange at 35 sk. 
6 gr., agio at 3 per cent. Ans. 8885*295 florins. 

32. Reduce 1042 florins 8 stivers currency to Eng. money, agio at 4| 
per cent, exchange at 37 sk. 8 gr. Flemish per £ sterling. 

1042 fl. 8 St. ^ 41696 gr. ; 37 sk. 8 gr. » 452 gr. ; 

104} currency »« 100 bank money 

.,^n^ 10^^ X 41696 , , 
... 41696 gr. „ = — Y gr. bank money. 

But 452 gr. ^£\; 

... Eng. money = ^^^^^ "^ 452 = ^683 98. 8id. 

33. Reduce 1965 florins currency to Eng. money, agio at 2| per cent., 
exchange at 35 sk. 2 gr. per £ sterling. Ant, j£181 58. 5d. 

34. Reduce JS239 18s. 9d. to milrees Portuguese, exchange at 5s. 4^. 
per milree. Also j£286 to milrees, at 5s. 8d. per milree. 

Ant. 892*7905; 1009*411. 

35. Reduce 121*9685 milrees Portuguese to Eug. money, exchange at 
5s. 3^ per milree. Ant. £Z2 5s. 5d. 

36. Reduce 2503) piastres Spanish to Eng. money, exchange at 40id. 
per piastre. Ant, £4^22 10s. 6fd. 

37. Reduce JC190 to Russian rubles, exchange at 3s. 4d. per ruble. 

Ant. 1 140 rubles. 

38. Reduce 15708 rubles Russian to Eng. money, exchange at 3s. 4 j^. 
per ruble. Ant, j£'2650 14s. 6d. 
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ARBITRATION OF EXCHANGE. 

BAm Instead of condncting the exchange directly between two given 
places, merchants sometimes find it more advantageous to exchange 
with some intermediate place or places; by Arbitration of Exchange we 
find the value of any sum of money of the first place in that of the last 
through the medium of the other places. 

1. Required the value of a Lisbon milree in Eng. money, supposing 
the exchange between London and Amsterdam at 36 sk. 8 gr. per j6, 
and between Amsterdam and Lisbon at 50 gr. for 405 rees or *405 
milrees. 

Here, *405 milrees a 50 gr., and ^1 « 36 sk. 8 gr. « 440 gr. ; 

50 
/. 1 milree = ;^ gr., and 1 gr. « £^; 

.\ 1 milree - ^ gr. - £^^ X Jj - 5s. I^d. 

2. In the last example, determine the value of JSl in milrees, without 
taking for granted the result there found. 

'405 
In this case, £l = 440 gr., and 1 gr. » — -- milrees; 

50 

*405 
.*. ^1 = 440 gr. = 440 X -tjt milrees — 3-564 milrees. 

ou 

It will be observed, that the number of milrees in ^I may be found 
by dividing iB I by 5s. 7 Jd. 

Now if a London merchant wishes to remit a certain sum of money to 
Lisbon, it would be most advantageous for him to adopt the circular 
course of exchange, if the direct exchange between London and Lisbon 
be less than 3*564 milrees per £. 

3. Required the value of a Lisbon milree in Eng. money, supposing 
the exchange between London and Amsterdam at 432 grotes per £, 
and between Amsterdam and Lisbon at 48 grotes for 400 rees. 

Ans. 5s. 6§d. 
A, Required, from the last example, the value of iSl in milrees. 

Ans, 3'6. 

5. Required the arbitrated course of exchange between America and 
Amsterdam, when the exchange between England and America is at 60 
per cent, and between England and Amsterdam at 36 sk. 4 gr. per £, 

Here, Eng. £l « 36 sk. 4 gr. » 436 gr. 

Amer. ^160 »« ^100 Eng. » 100 X 436 gr. Amster. 

100 X 436 

160 

that is, 22 sk. 8| gr. Flemish per pound American. 

6. How many francs are equal to a pound American, supposing the 
exchange between England and America at 50 per cent., and between 
England and France at 25 fr. 50 c. per £ sterling? Ans, 17 fr. 

7. Required the value of ^1 Eng. money in French francs, supposing 
the exchange between London and Russia at £4^ for 25 rubles, between 



/. „ ^1 = gr. — 22 sk. 8i gr. 
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Rassiaand Hamburgh at 55 mbles for 133 marks, between Hamburgh 
and Spain at 95 marks for 44 dollars, and between Spain and France at 
11 dollars for 40 francs. 

Here we readily find from the data of question ; £l =^ ^ rubles $ 
1 ruble s= \§ marks ; 1 mark »= J| dollars ; 1 dollar » ff; 

/. jei — ¥ "ibles = f X W ™»''k8 =* ¥ X W X jj dollars 
— ¥xWXJiX4? francs = 25^ francs. 

8. Required, from the last example, the value of a franc in English 
money, without taking for granted the result there found. Ant, 9fd. 

9. What is the value of £1 in francs, supposing the exchange between 
London and Amsterdam at 37 sk. 6 gr. per £1, and between Amster- 
dam and Paris at 37 gr. for 2 francs. jiru, 24^ francs. 

] 0. Required, from the last example, the value of a franc in English 
money without taking the answer there given for granted. Ans. 9)|d. 

11. A London merchant owes a Portuguese merchant JS600, whether 
is it better for the latter to have a direct remittance from London at 
5s. 6d. per milree, or a circular remittance through Amsterdam and 
Paris, the exchange between London and Amsterdam being 37 sk. 4 gr. 
per £; between Amsterdam and Paris at 38 gr. for 2 francs; and 
between Paris and Lisbon at 460 rees for 3 francs ; allowing 1 J per cent 
charge for agency. 

For the direct remittance, we have 

No. milrees - ^^^ ,^ ^^^ - 2181-818. 

66 

For the circular course of remittance, we have 

iSlOO paid to the agent will only give a remittance of ^£98}, 
/. Value ^100 = je98* 

„ jeeoo -= £d^ X 6 « je59i. 

From the data of the question we readily find, 

•46 
£1 = 448 gr. ; 1 gr. = J fr. ; 1 fr. = -^ milrees ; 

.% Je691 — 691 X 448 gr. ^ 591 X 448 X ft fr. — 691 X 448 X 4 

*46 
X -5- milrees « 2136-724 milrees. 

Hence it appears that the direct remittance will be the more advant- 
ageous to the Portuguese merchant, for by it he will receive 45*094 
milrees more than by the circular course of exchange. 

11. Required the same as in the last example when the sum is ^400, 
the direct remittance at 6s. 4d. per milree, exchange between London 
and Amsterdam at 36 sk. per £, between Amsterdam and Paris at 
18 gr. for 1 franc, and between Paris and Lisbon 350 rees for 2 francs, 
2 per cent, being allowed for agency. 

Ans, The circular remittance is better by 146*4 milrees* 

65, Reduction of foreign weights and mensures, 

1. Change 1 mile 40 yds. to French metres. One metre » 1*093633 
yards. 

1 m. 40 yds. « 1800 yds. as 1800 -f- 1*093633 metres » 1645*94. 
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2. Change 3 milimetres French in decimal parts of an inch. 

3 milimetres >■ *003 metres » '003 X 1*093633 yds. ^ '118112 in. 

3. Change 3 miles 24 yards to French metres. Am, 4849*8902. 

4. Change 3*4 metres 2 milimetres to English inches. Ant, 133*939. 

5. Change 5 kilogrammes French to lbs. One kilo, a^ 2*20548 lb. 
At. 

5 kilo. — 5 X 2*0548 lbs. At. « 10*274 lbs. Av. 

6. How many grains are there in a g^mme French ? 

1 gramme i* '001 kilogramme » -001 X 2*20548 lbs. Ay. ■■ 15*438 gr. 

7. How many grammes are in 1 lb. 8 oz. At.? 

IJ lbs. ■■ Ij -£- 2*20548 kilogrammes » 680*12 grammes. 

8. Change 5 oz. Troy and 8 oz. Av. to French grammes. 

5 oz. Troy » 5 X 480 gr. » 2400 ; 8 oz. Av. »« | of 7000 gr. » 3500; 
«% 2400 + 3500 — 5900 gr. » 5900 -^ 15*438 grammes ^ 3821 7. 

9. Change 2 kilogrammes 10 grammes to g^ins. Ant, 31031*1. 

10. Change 5 cwt. to Prussian pounds. One pound »■ 1*0311 lbs. 
Av. Ant, 543*18. 

11. Change 62^ Eng. thermometer (Fab.) to French degrees (Centi- 
grade). In the former the temperature of freezing water is 32^, and 
the boiling point 212^ ; in the latter the freezing point is zero or 0, and 
the boiling point 100?. 

No. degrees Fah. above the Centi. zero « 62° — 32® -» 30®; but 
180° Fah. — 100® Centi. ; .-. 30? Fah. — J of 100® — 16§® Centi. 

12. Change 65® and 75®. Fah. to degrees Centi. Jn$. 18]®, 23*8® 

13. Change 20? Centi. to degrees Fah. 

100® Centi. — 180® Fah., .-. 20® Centi. « J of 180? — 36® Fah.; 
but this gives the degrees above the freezing point, 

.'. the required temp. Fah. « 36® -H 32? — 68?. 

14. Change 15® and 25? Centi. to degrees Fah. Ant. 59®, 77®. 

15. The Eng. divide the quadrant of the circle into 90 equal parts, 
the French into 100, each part being a degree. Convert 65 degrees 
Eng. into Fr. degrees. 

90® Eng. — 100® Fr.; .•. 55® Eng. — ^— n^^ — 61®/111. 

16. Change 36® and 40® Eng. to Fr. degrees. Ant, 40®, 44|®. 

17. Change 9? 40^ Eng. to Fr. degrees. 

9® 40' « 9Jg degrees -« 91 degrees Eng. ; then 90® Eng. « 100® Fr., 
.-. 1® Eng. >« y® Fr., .-. 9§® Eng. — \p x 9§ — 10®'74. 

18. Change 8®'24 French degrees into. Eng. degrees. 

100® Fr. a- 90? Eng., .«. 1® Fr. = ^® Eng., 
,.. 8®*24 Fr. ■= -ft® X 8*24 =• 7®*416 = 7® 24' 57«''6. 

19. Change 37®'3 and 50? Fr. to Eng. degrees. 

Ant, 33® 34' 12'', 46®. 

# 

On the ratio of concrete quantities, 

66. When two concrete quantities admit of being expressed in the 
same unit, their ratio is an abstract quantity. 
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_. 2 ft. 6 in. 30 in. so s a ^ __^L_ 240d. . 
^"°'' 1 yd. 9 in. "• 461H: " » '^^ i' ^"^^ 238. 4d. * 280d: ^ '' 

Hence the value of the following arithmetical expression may be 
readily found. 

9cwt. ,jeiOs. lOd. -^ ,j 36 qr. 250d. _ ^ ,, 

11 cwt. 1 qr. 148. 7d. 45 qr. 175d. 

^ if X f?8 X 48. Id. -= f X 4s. Id. = 4s. 8d. 

6 TOin. _ - ^^ 14 lbs. i.,-^^. 6 min. , 14 lbs. -,«-a. 

rr — X i X -. s-nr- of 136 ft. =» — — r— x 1 x ,- ,. of 135ft. 

1 hoar ' 1 qr. 7 lbs. 60 mm. * 35 lbs. 

— A X J X iJ of 135 ft. « i of 135 ft. — 3 ft. 
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67. This rale is employed in calculating the values of mixturM 
composed of articles of different qualities. 

1. 20 lbs. of sugar, at 7d. per lb., were mixed with 30 lbs. at 5d., and 
10 lbs. at 8d. ; required the price of the mixture per lb. 

Value of the whole « 7d. X 20 + 5d. X 30 + 8d. X 10 = 370d.; 

but the No. lbs. in the mixture »« 20 + 30 + 10 « 60, 

.*. Price of the mixture per lb. »> 370d. -^ 60 ^ Q^d. 

2. 24 lbs. of tea, at 3s. 4d. per lb., were mixed with 16 lbs. at 5s.; 
what was the price of the mixture per lb. ? Ans, 4b. 

3. 18 bottles of brandy, at 4s. 6d., were mixed with 36 bottles at 
5s. 3d., and with 9 bottles of water; at what price per bottle must the 
mixture be sold to gain 10 per cent. ? 

Cost price of the mix. » 48. 6d. X 18 + 5s. 3d. X 36 «- 2703. ; 
but the No. bottles in the mixture « 18 + 36 + 9 »- 63, 
.'. Cost price mix. per bottle =s 270s. -5- 63 = ^®s. 
Selling price of lOOs. ss 1 10s., 

ys. = 148 X Vs. =« 4s. 8fl. 

4. 24 lbs. of tea, at 4s. 3d. per lb., were mixed with 12 lbs. at 48. 6d., 
and 18 lbs. at 5s. 4d. ; at what price per lb. must the mixture be sold to 
gain 25 per cent. ? Ans, 5s. lOd. 

5. 21 bottles of spirits, at 3s., were mixed with 28 bottles at 28. 6d., 
and with 7 bottles of water, required the price of the mixture per bottle. 

Ans. 23. 4^. 

6. How many bottles of water must be mixed with 25 bottles of 
spirits, at 4s., and 30 bottles at 58. 6d., so that the mixture may be 
worth 48. 5d. per bottle? 

Value of the mixture »= 4s. X 25 + 5s. 6d. x 30 s 265s. ; 
.'. No. bottles in the whole « 2658. -4- 48. 5d. =* 265 -i- 4^ « 60. 
.*. No. bottles of water = 60 — (25 + 30) = 60 — 55 = 6. 

7. Required the same as in the last example, when the price of the 
mixture is 4s. 6d. per bottle. Ans. 3g bottles. 

8. Required the price of the nMxture, per bottle, in example 6, sup- 
posing no water to be added. Ans. 4s. 9^. 

9. How much water should be mixed with 8 bottles of spirits, at 
5s. 6d., so that the mixture may be worth 48. per bottle? Ans, 3 bottles. • 
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10. 8 lbs. of tea, at 5^., were mixed with 6 lbs. of another sort ; what 
roast be the price of this tea per lb., so that the mixture may be worth 
4s. per lb. ? 

Cost 1st sort SB 58. X 8 s 408. ; Cost mix. » 48. x 14 »■ 568. ; 
^ .*• Cost 6 lbs. of the 2Qd sort « 568. — 40s. a 168., 
„ 1 lb. „ = J of 16s., — 2«. 8d. 

11. 20 lbs. of tea, at 5s. 6d., were mixed with 10 lbs. at 5s., and with 
20 lbs. of another sort; what must be the price of this tea per lb., so 
that the mixture may be worth 5s. per lb. ? Arts. 4s. 6d. 

12. How many lbs. of tea at 10s. per lb. must be mixed with 9 lbs. at 
48., so that the mixture may be worth 6s. a lb. ? 

The gain by selling the 9 lbs. at 68. «£ 68. X 9 — 48. 9d. » iSs., 
The loss by selling 1 lb. of the lOs. tea for 6s. » lOs. — 6s. « 4s. 

But in order that there should be neither a gain nor a loss, 4s. mul- 
tiplied by the do. of lbs. must be equal to 18s., 

.*. No. lbs. of the 10s. tea »b I8s. ~ 4s. «= 18 -^ 4 » 4|. 

Questions of this kind may be most simply solved by an equation. 

JjBtx SB the No. lbs. at 10s.; then a; -{- 9 ^s the No. lbs. in the mix. ; 

Value of the mix., in shillings »10xa; + 4 x9«>10a;+36, 
also, „ „ = 6 X (ar + 9) -= 6 0? + 54, 

/. 10 a? + 36 = 6 0? + 54, 
Subtracting 36 from each side, 10 a; == 6 a; -f 18, 

Subtracting 6 x from each side, 4 a; as 18, 

Dividing each side by 4, x s 18 -4- 4 -» 4}. 

13. How many lbs. of tea, at 2s. 6d. per lb., mast be mixed with 12 
lbs. at 5s., so that the mixture may be worth 4s. per lb. ? Ans, 8. 

14. How many lbs. of sugar, at 7d. per lb., muse be mixed with 12 
lbs. at 5d., and two lbs. at 4d., so that the mixture may be worth 5d. 
per lb. ? Aru. 1. 

15. How much corn, at 28. 6d., 3s. 4d., and 3s. 8d. per bushel, must 
be mixed together, that the mixture may be worth 3s. per bushel ? 

Taking I bushel of each of the first two, and putting x ss the number 
bushels of the last ; the number of bushels in the mixture sr l 4- l 
-|- OP aoB 2 + a;; then 

Value of the mixture, in pence »« 30 -j- 40 + 44 a? s: 70 4- 44 a;, 
also, „ „ = 36 X (2 + x) =» 72 H- 36 a?, 

.•. 70 -f 44 a: «r 72 + 36 a?, 
.'. 44 a? aa 2 + 36 a?, .•. 8 a? «■ 2, .*. a; = | = J. 

That is, the quantities are 1,1, and }, or multiplying each by 4, to 
get the relative quantities in whole numbers, they may be written 4, 4, 
and 1. 

16. How much wine, at 6s., and 38. per bottle, must be mixed to- 
gether, that the mixture may be worth 4s. ? Ans, I and 2 buttles. 

17. How much sugar, at 5d , 6d., and 9d. per lb., must be mixed 
together, that the mixture may be worth 8d.? , Ana. 1, 1, and 5 lbs. 

18. What quantities of tea, at 3s., and 8s. per lb., must be mixed 
together, so that 24 lbs. of the mixture may be worth 5s. per lb.? 

Let X SB the No. lbs. at 8s. ; then 24 — x =ss the No. lbs. at 3s. ; 
/, Value of the 2nd kind, in shillings ss^S x x =: 8x, 
alto, 9, 1st „ = 3 X (24 — a?) = 72 — 3 a?. 
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/. Value of the mixture, in shillings -^ 8 a? -f "72 — 3 a; »» 5 a; + 72; 
also, „ „ « 6 X 24 = 120. 

/. 6 a:. + 72 = 120, 
Subtracting 72 from each side, 5 ^ = 48, 

Taking the 5th of each side, a; sa ^ of 48 as 9} Ibs.^ 

and the number lbs. at Ss. ^s 24 — 9} = 14|. 
Verification, 3s. X 14f + Ss. X 9f = 6a. x 24. 

19. Required the same as in the last example, when the prices of the 
two teas are 3s. and 5s., and that of the mixture 4s. Am. 12 lbs. each. 

20. How much spirits, at 3s., 6s., and 4s. per bottle, must be mixed 
together to form a mix. of 9 bottles worth 5s. each? Ans. 1, 5, and 3. 

Here taking 1 bottle, at 3s., and putting x s^ the number of bottles 
at 6s., we get the equation, 3Xl4-6xa: + 4x(9— 1— a?) = 5x9. 

21. What quantities of spirits, at 14s., 18s., and 15s. per gallon, must 
be mixed together to form a mixture of 10 gallons, at 16s. ? 

Ant. 1, 33, 5J gallons. 

22. How much corn, at 4s., 5s., and 7s. per bushel, must be mixed 
with 6 bushels, at 4s. 6d.,that the mixture maybe worth 6s. per bushel? 

Taking 1 bushel of each of the first two, and putting x = the number 
of bushels of the third, the number of bushels in the mixture is 1 -)- 1 

-|-ar-f6«8 + a:; then 

Value of the mix., in shillings «s4 + 5 + 7a?-l-27aB36-l-7ap, 
also, „ „ « 6 X (8 H- re) = 48 + 6 a?, 

.". 36 + 7 a; s= 48 -f 6 ar, .•. ar = 12 ; 
Hence the quantities are 1, 1, 12, and 6 bushels. 

Verification. 4X 1-H6xl + 7X12 + 4JX6 = 6X(1 + 1 
+ 12 + 6). 

23. How much sugar, at 5d., 6d., and 8d. per lb., must be mixed with 
2 lbs. at 4|d., that the mix. may be worth 7d. per lb. ? Ans. 1,1,8 lbs. 

24. How much spirits, at 14s. per gallon, most be added to 4 gallons 
at 18s., and 6 gallons at 16s., to make the mixture worth 15s. per g^K? 

Ans, 18 gallons. 

25. How many lbs. of tea at 5s. per lb. must be mixed with 8 lbs. at 
3s., so that the mixture may be worth 4s. 4d., per lb. ? 

Gain from the inferior tea *= 4s. 4d. X 8 — 3s. X 8 =* lOs. 8d. 5 

but this must be the loss from the superior tea; 

loss on 1 lb. of this tea = 5s. — 4s. 4d. ss 8d. ; 

.-. No. lbs. = 10s. 8d. -r- 8d. = 16. 

26. A person buys wheat at 46s. and 52s. per qr. ; in what proportion 
most he mix them so as to gain 20 per cent, by selling the mixture at 
60s. per qr. ? 

Here, we must find the cost price of the mixture. 

Coat price of 120 = 100; .-. Cost price of 60 — 50; 
that is, the mixture cost 50s. per qr. 
Let 1 qr. of the first kind be mixed with x qrs. of the second, then 
Value mix. ss 46 + 52 a? ; 
also, „ — (1 -f «^) X 50 = 50 4. 50 x; 

.*. 52 X ■}- AS =s 50 -\- 50 X ; subtracting 46 from each side 
52 0? ss 4 + 50 a; ; subtracting 50 x from each side 
2 a; sss 4 ; .*. a; «* 2 ; 
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That is, 2 qrs. of the second kind must be mixed with 1 qr. of the 
first. 

27. In what proportion most he mix them so as to gain 30 p. cent. ? 

Jnt, 1 to ^ or as 38 to 1. 

28. If teas at 5s. 4d., 58., and 43. 8d. be mixed in equal qaantities, 
and the mixtnre sold at JS36 88. per cwt.,what would be the gain p.c? 

Cost price mix. per lb. «= J (5s. 4d. + 5s. -f- 4s. 8d.) «» 5s. 
Selling price mix. per lb. ^s £d6 Ss. -r- \12 -^m 6^8. 
.*. Gain on 5s. bb e^s. — 5s. =s l^s. 

„ 100 «* ij X 20 = 30. y#«#. 

29. Find the gain or loss per cent, when the mixture is sold for JS25 
4s. per cwt. Jns, 10 per cent. loss. 
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All the following problems may be fairly solved by the prin« 
ciples contained in this work. 

1. A person after spending } and } of his money, had 3d. left; what 
had he at first ? 

Here, Part spent ^ | -f J =» §; .-. Part left « 1 — J = J; 

but the part left is 3d. ; .*. Value J money ob 3d. ; .*. the money ss I8d. 

2. The G. N. Railway stock pay 5 per cent, dividend per annum ; 
how much must I give for them to get A\ per cent, for my money, 
allowing ^ per cent, on the original price of the stock for expenses in 
the transter ? 

Price to give 4| per cent = J8100 ; 

5 „ =ieiOO X 5~4i = ^lllJ; 
.-. Price of JBIOO stock = ^euij — ^J = jeuOJJ. 

3. The rent of a farm consists of a fixed sum together with the value 
of a certain number of qrs. of wheat ; when wheat is 468. a qr. the rent 
is j£350, when wheat is 56s. a qr. the rent is i£380, what will be the 
rent when wheat is 71s. a qr.? 

Increase of rent due to a rise of 10s. a qr. = i£380 — JS350 = J630 ; 
„ „ 158. aqr. = ^630 X lj = ^45; 

.*. rent required = i8380 + ^45 » ^£425. 

4. A person has stock in the 3 per cent, consols, which produces him 
iS21 per annum. He sells out at 90, and invests in a Railway when a 
J^lOO share is worth i845. What dividend per cent, per annum ought 
the Railway to pay so that his income may become JS35 ? 

No. of ieiOO stock « ^-21 -f- ^'3 = 7 ; 

Value of ^*700 stock «= ^'90 X 7 = ^6630. 

No. jeiOO Railway shares ^ 630 -i- 45 »= 14 ; 

.•. 14 X Dividend « ^'35 ; .*. Dividend = ^'35 — 14 «> ^^2^. 

5. If the wholesale dealer sell to the retailer at 5 per cent, profit, and 
the retailer sell to the consumer at 20 per cent, profit, what is the per 
centage of total profit? 

100 being taken as the first cost, the cost price to the retailer as 105, 
and the selling price == 105 + i of 105 » 126; .*. Total profit on 100 
» 126 — 100 » 26, that is, the profit will be 26 per cent. 
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6. What should be the retailer's per centage of profit, when the 
whole profit on the first cost is 50 per cent.? 

Here, as before, the cost price to the retailer is 105. 
His selling price ■= 100 + 60 = 150: 
.*. His profit =s: 150 — 105 sb 45; but this profit is on 105, 
.-. His profit per cent. = 46 X 100 -r- 105 — = 42f. 

7. A wine merchant pays £15 for a cask of wine containing 50 dozen 
quart bottles, and bottles it off into an equal number of quart and halt- 
pint bottles. How many dozens of each has he, and at what price must 
he sell it per dozen bottles to gain 20 per cent. ? 

As the half-pint is ^ of the quart, the number of dozen bottles of each 
sort « 50-^-1 J = 40. 

Selling price 50 doz. = ^£'75 + i ^'75 = ^690; 
„ 1 doz. = ^'90 -;- 50 -" Jsl 16s. 

8. A person mixes a quart of water with a gallon of rum, which cost 
14s., and then sells it for 16s. a gallon; with a gallon of brandy which 
cost 20s. he mixes 3 pints of water, and sells it for 24s. a gallon ; what 
does he gain per cent, on the whole, supposing him to sell two gallons 
of the neat rum to one of the brandy ? 

2 gallons of the neat rum gives 2 times 1} gallons or 2^ gallons of the 
mixture; and 1 gallon of neat brandy gives 1| gallons of the mixture; 

Profit on 2 gals, rum costing 28s. «= I6s. X 2| — 28s. s= 12s.; 
„ 1 gal. brandy costing 20s. ss 24s. X 1| — 208. as 13s. ^ 
.*. Profit on 48s. cost price ss 12s. -{- 13s. ss 25s.; 

„ 100 „ — 25 X 100 -f. 48 « 52^. 

9. How much ought the price of 3 per cent, consols to fall below par, 
in order that I may get 3^ per cent, on my money ? 

Price of stock to give 3 per cent. ^ ^100 ; 

„ ., 3i „ = ^-100 X 3 -r- 3J = £9^l 

.'. Price below par = ^61 00 — je85f = Jei4f . 

10. A tenant holds a farm of 360 acres, subject to a certain tax per 
acre, and a corn-rent of 300 qrs. of wheat. Now if he pays iS810 total 
rent, when the wheat is 50s. per qr., what is the fixed tax per acre? 

Value 300 qrs. wheat at 50s. = 50s. X 300 « ^6750; 
*•. The tax on 360 acres = ^810 — Jt750 = ^'60 ; 

„ 1 acre = ^'60 -;- 360 = £1 =■ 3s. 4d. . 

11. A person buys 80 sheep for £Q0; he loses two. and sells 8 for 38. 
a piece less than they cost him ; at what price per head must he sell 
the remainder to gain £Q on the whole? 

Loss on 10 sheep » 24s. ; .*. Cost of 70 » ^60 — 24s. « JS58 16s.; 
.*. Selling price 70 sheep = ^'68 16s -f ^'6 » j£'64 168. ; 

1 „ = Je64 16s. -7- 70 «= 18s. 63«5d. 

12. What proportion should a ready money price have to a price for 
credit of 6 months, allowing interest at 5 per cent, per annum ? 

Taking 100 as the ready money price; theamount of 100 for 6 months 
will be 102^; therefore the ratio required will be 100 : 102^^, or as 
1 : lA. 

13. By selling a horse for jCl8, a person lost 25 per cent.; what will 
be his gain per cent., when he sells him for ^27 ? 
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Here we shall first find the cost price of the horse. 

Cost price of ^75 » ^100; 

^•18' = ^*100 X 18 -H 76 — ^24; 
.•. Gain on £2A « £21 — £'24 -« ^3 ; 

„ ^100 = j£'3 X 100 4- 24 — 12^. Ans. 

14. How much water must be added to 40 gallons of spirits at 158., to 
reduce the price to 128. ? 

Price of the whole ^ 1.5s. x 40 » 6003. ; 

but as the mixture must be sold for 128. per gallon, 

The number of gallons of the mixture « 600 •?• 12 »» 50; 

.*. Number of gallons of water = 50 — 40 «> 10. 

15. A person gave for a house a bill of j£608 due 4 months hence at 
4 per cent., and at once sold it for ^'663; find his gain per cent. 

The interest of ^100 for 4 months »» | ^4 s- £l^\ 
.•. Thepresentvalueof jei04« ^100; 

Jt:608 « ^100 X 608 -f- lOlJ — ieeOO; 
which is the true sum paid for the house ; 

.*. The gain on i;600 =» JS663 — 600 » ^63 ; 
„ ^100 » ^ ^63 « JSIO^. Ant. 

16. A, B, and C are partners; A receives | profits, and B twice as 
much as C. Find C's capital, A's profit being reduced J&20 by a fall of 
2 per cent, in the rate of profit. 

Fdr every i&lOO of A's capital his profit is reduced £2 ; but by this 
fall his profit is reduced JS20; .-. his capital « j£lOU X ? » iiSlOOO. 
But A*s capital must be | of the whole ; therefore the whole capital 
^ ^3000; and B and C*s capital =» ^'3000 — iSlOOO => ^'2000. But 
B's capitol must be double C's, .*. C's capital = J of j£'2000 » j£'666;. 



In the place of the rule of Position we have here introduced the 
rule of Equations, by which we suppose x to represent the quantity 
required in the question, and then proceed, from the data of the ques- 
tion, to form an equality, or equation, expressing the relation between 
the things given and the thing required; whence, by the known opera- 
tions or principles of numbers, the value of a, or the thing required, is 
obtained. This equality, or equation, is usually obtained by finding two 
independent values for the same thing, and then putting them equal to 
each other. 

1. A horse and a cow were bought for ^63 ; now the horse cost 6 
times as much as the cow ; required the value of each. 

In order to solve this question, let us put the horse into cows. Now 
the question tells us, that the value of the horse is equal to the value of 
6 cows, and that their united value is equal to j£63; hence we have. 

The value of the cow -\- 6 times the value of the cow «s £6^, 

Here the value of the cow is to be added to 6 times the value of the 
cow, which must give us 7 times the value of the cow ; that is, 

7 times value cow as ^'63 ; taking the 7th of these equals. 
Value cow = ^ of ^£'63 = ^'9 ; 
.*. Value horse ss 6 times ^'9 »= j£54. 

Now, for the sake of conciseness, let us put x for the value of the 
cow ; then 6 times x, or 6 x, will be the value of the horse ; but 

F 



98 ARITHMETICAL PROBLEMS. — EQUATIONS. 

The value of the cow -\- the vcdue of the hone ss £^Z ; that is, 
^ -|- 6 07 &= ^63 ; adding the a7*s together, 

7 A7 i= ^'63 ; taking the 7th of these equals, 
X s j£9, the value of the cow, 
and 6 07 Ks 6 x ^9 =» ^'54, the value of the horse. 

2. Divide ^54 into three parts, which shall bo as 2, 3, 4. 

Here, 2 + 3 + 4 ss 9, therefore dividing £b^ into 9 equal parts, we 
have, 1 part = J of i;54 = £6 ; .«. 2 parts = ^*6 X 2 = £\2 ; 3 parts 
= ^-6 X 3 =r cfilS; and 4 parts = i;6 X 4 = ^£24. For the verifica- 
tion of these results, we have, ^12 + M\% + i£'24 ==: iS54. 

Let 2 07 be put for the 1st part; then 3 07 will be the 2nd; and 4 x 
will be the 3rd ; but the sum of all these parts is ^54, 

.*. 2 07 + 3 07 4- 4 07 SB ^54 ; adding the o;*s, 

9 07 s=^54 ; taking the 9th of these equals, 
07 s ^6; .-. 2x^ £\2 ; 3 07 = ^'18; and 4 07 ::= ^£'24. 

3. A man bought 30 sheep and 5 cows for £\^0 ; now each cow cost 
8 times as much as each sheep; what did he pay for each sheep? 

Here let us turn the cows into sheep. 1 cow ss 8 sheep, .*. 5 cows 
SB 40 sheep, so that we shall have altogether 70 sheep, 

••. Value 70 sheep = ^'140; .•. Value 1 sheep = £2, 

Let 07 ^ the price of a sheep ; then 80;:= the price of a cow ; 

.*. price 30 sheep := 30 07 ; and price 5 cows =s 5 times 8 07 as 40 x ; 

but, price 30 sheep 4- price 5 cows &= j£l40 ; that is, 

30 0? + 40 07 = jei40 ; adding the x\ 

70 07 s= <^M40 ; dividing these equals by 70, 
07 s= £2t the price of each sheep. 

4. Solve by equations ; ques. 41 and 42, Art. 24; and ques. 8, 9, 10, 
24, Art. 60. 

5. A horse and chaise cost £i^ ; but the horse cost JS7 more than 
the chaise ; required the cost of the chaise. 

As the horse cost £l more than the chaise. 

Twice the value chaise = ^49 — £1 ^ ^42; value chaise « iS21. 
Let 07 = the value of the chaise, in pounds ; then 
a + 7 = „ horse, „ but 

Value of the chaise + Value of the horse as £^^ ; that is, 
ar + 07 + 7 =» 49 ; adding the o:'s, 

2 07 4* 7 ^ 49 ; subtracting 7 from these equals, 
2 07 SB 42 ; taking the half of these equals, 
o7 ss e/S21, the value of the chaise. 

6. Solve by equations ; ques. 1 1 , 23, Art. 60 ; and ques. 45, 46, Art. 24. 

7. Divide ^18 between A and B; so that B shall have 3^ times as 
much as A. 

Supposing A to have 1 share, B will have 3j^ shares ; then 

1 share -f 3^ shares a* J£18; adding the shares, 

4|| shares ^^ £\S\ multiplying these equals by 2, 
9 shares = j£36 ; taking the 9th of these equals, 
1 share = iS4, A's; 

and B's => £l^ — ^64 » ^14. 

Let 07 m A's share; then B's share ss 3^^ times 07 oi 3j| a?; 

^"*-. the two shares taken together amount to JS18, 
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•*• « + 34 rr B ^18 ; adding the x\ 

4| a; SB i618 ; multiplying these equals by 2, 
d X := £^6 ; taking the 9th of these equals, 
X -s ^'4, A*s share, as before. 

8. The fifth of my money added to 4s. is Vs. ; how much have I ? 

I the money + 48. ^r 73. ; taking 48. from these equals, 
I the money as Ss. ; taking these equals 5 times, 
the money » 3s. X 5 » 15s. 

Or putting x for the money, in shillings, we have 

X 

7 + 4 as 7 ; taking 4 from these equals, 

- SB 3 ; taking these equals 5 times, 
o 

re SB 3 X 5 as 158., the money. 

9. Divide £Zb between A and B, so that A*s share may be f of B's. 

Supposing B to have 4 shares; A will have 3 shares, for f of 4 is 3; then 
4 shares + 3 shares »« «£35 ; adding the shares, 

7 shares ss ^'35; taking the 7th of these equals, 
1 share as £5 ; 
.-. 4 shares ae ^5 X 4 » J^*20, B's j and 3 shares » ^5 X 3 -» ^15, A's. 
Let 4 d? KB B*8 share ; then A*s share ^^^oi^xssxZx; but 
A*8 share 4- B*8 share =3 £Z5 ; that is, 
3 X 4- 4 X » ^35 ; adding the x% 

7 a; ss £Z5i taking the 7th of these equals, 
07 » 1^ of ^35 ^ £5 ; 
••• A*8 share =» 3 « » 3 times ^5 » j£l5; and B*s » 4 re := i£*20. 

3 X 
Or thus. Let x = B*8 share ; then A's = } of a: = — - ; 

4 

3 X 

.*. x + --- BB £Z6 ; multiplying these equals by 4, 

4 a; + 3 x SB ^140; adding the a;'s, 

T X SB ^l40; taking the 7th of these equals, 
X mm ^20, B's share ; and A's share »» | a: = f of ^20 » ^15. 

10. Divide <£22 between A, B, and C, so that A's share may be ^ of 
B's, and C's } of B's. 

Supposing B to have 6 shares ; A will have 3 shares ; and C will have 
2 shares, because 1 of 6 is 2 ; then the number of shares will be 11 ; and 
.-. 1 share — ^ of -£22 = £2; .-. 2 shares == £2 X 2 ^ £4, C's ; 3 
shares « ^62 X 3 = ^'6, A's ; and 6 shares = ^2x6 = jei2, B's. 
For the verification, we have, £i -\- £S -^ £12 « i;22. 

Let G a; as B's share ; A's share ^^^of 6x ^= Z x; and C's share 
^Jof6xs=2a;; but 

A's share + B's share + C's share = ^22; that is, 
3x-f6a; + 2a;as j£?22 ; adding the or's, 

11 a; == i£*22 ; taking the 11th of these equals, 
x^£2; 
.-. B'b share ^6x^6 times £2 ^ JS12 ; A's = 3 a; » ^6 j 

C's » 2 a; » £^, 

f2 
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Or thus. Let x as B's share; A's share «: | of B*8 =» | of « ae5; 

and C*8 share » } of B's a^ } of a; » •-: theD 

o 

X X 

a: + — + - = £22 ; multiplying these equals by 6, 

^x ■\- Zx -{-2 x^ j8132 ; adding the rr's, 

11 rr Bs ^132 ; taking the 11th of these equals, 
X ss £\2t B*s share; 
.'. A*s share s | rr »= ^ of ^12 » ^6 ; and C's share » } a; k £i. 

11. Solve by equations: ques. 15, 16, 18, 19, Art. 60 ; and ques. 4, 5, 
10, 11. Art. 24. 

12. To solve ques. 13, Art. 60, by the method of equations. 

Let 10 a; is the Captain*s share; 5 a? as each Officer's; and 2 x 
sr each Sailor's ; 

.'. 2 Officers' share ss 2 times b x^^ 10 a; ; and 7 Sailors* share 

ss 7 times 2 re a* 14 re ; 
but the sum of all their shares must be equal to ^289, 
.-. 10 a? + 10 a? + 14 0? as ^6289 ; adding the re's, 

34 07 as ^'289 ; dividing these equals by 17, 
2 07 a ^*17 ; each Sailor's share; 
.'. 10 07 = ^-17 X 5 -r ^85, the Captain's share ; 

5 07 « I of ^'85 as je42 lOs., each Officer*s share. 

13. Solve by equations; ques. 14, 17, 20, Art. 60. 

14. Divide £b% between A, B, C, so that B may have £i more than 
A, and C three times as much as B. 

Let 07 as A's share ; then B's as a; -)- 4 ; and C's as 3 times (x -f 4) 
as 3 07 + 12: 

A's share + B's sh are 4- C's share = 66 ; that is, 
a7-l-07 + 4 + 3a74-12?=56; adding the or's, &c., 

5 07 -i- 16 =a 56: taking 16 from these equals, 
5 07 ssi 40 ; taking the 5th of these equals, 
07 :^ ^8, A's share; 
B's share ::= 07 + 4 = £i2\ and C's ^ 3 times j£*12 a= ^'36. 

15. A gentleman bought a gig, horse, and harness for ^'57, the horse 
cost ^9 more than the harness, and the gig twice as much as the horse 
and harness ; required the cost of each. An9. £5, J614, ^38. 

16. To solve ques. 37, Art. 24, by equations. 
Let 07 ?B the true time past noon ; then 

Gain in 1 hour by the watch ear ^ min. ^s ^ hours. 

„ X hours „ as a? times yjg = — , 

07 

.*. The time by the watch = a; + -— -; 
but the time by the watch is 7) hours as ^ hours, 

.'. X -\- — - = ^; multiplying the80 equals by 120, 

120 07 4- 07 « 9 ;< 120 ss 880; 
.-. 121 07 as 880; .-. o? « 880 -s- 121 — 7 h. 16^ min. 
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17. Solve by equations; ques. 38, Art. 24. 

18. To solve qnes. 47, Art. 24, and qaes. 22, Art. 60, by equations. 

Ist, Let X s= the number of hours required ; then 

No. miles gone by A ^ 3| X ^ «> V a;, 

B a= 2| X X s { a;; 
but the sum of these distances must be 40 miles, 

.*. ^^ 07 4- { rv SB 40 ; multiplying these equals by 4, 
ISrr-l- lOxss 160 ; adding the a7's, 
25 07 s 160 ; .'. a; a 160 — 25 « 6| hours. 

2nd, Let x ss the number of hours they take to meet; then 
No. miles gone by the L. traveller a* 5 « ; 
,, Y. ,, ^ 3 AT ; 

but the sum of these distances is equal to 200 miles, 

.-. 5 ar + 3 0? = 200, .*. a; s } of 200 -■ 25 hours ; 
.•. No. miles gone by the Y. traveller =* 26 X 3 «= 76. 
Or thus. Let x as the distance from York, in miles ; then 
200 — x^m „ London, „ 

X 

The number of hours for the Y. traveller as -- ; 

•) 

^ 20 — ac 

but the men are the same time in travelling, 

.*. — = — = ; multiplying by 5 and 3, 

o 

6 a? ^ 3 X (200 — x)\ completing the multiplication, 

5 a; as 600 — 3 a;; adding 3 a; to these equals, 

8 a? s 600; .*. a; » 75 miles. 

19. Solve by equations ; ques. 49, Art. 24; and ques. 41, Art. 39. 

20. To solve ques. 74, Art. 39, by equations. 

Let X as the number of dollars ; then we obviously have 

4| X ^ «" Vi X 42 ; multiplying these equals by 2, 
9 X -a 15 X 42 ; .•*. a; as 15 X 42 -f- 9 — 70. 

21. Solve by equations; ques. 75 and 78, Art. 39. 

22. To solve ques. ^7, Art. 39, by equations. 

Let X am the number of hours the fast train is travelling ; then 
ac + 2 "s „ slow „ 

No. miles gone by the fast train sa 30 X a; 

„ slow „ = 20 X (a? + 2) — 20 a? + 40; 

bat these distances are the same, 

.*. 30 a; s: 20 X -f 40 ; subtracting 20 x from these equals, 
10 X ^ 40 ; .'. X SB 4, the number of hours. 

23. Solve by equations ; ques. 88, 89, Art. 39. 

24. To solve ques. 90, Art. 39, by equations. 

Let X as the number of minutes past IV. Now when the short 
pointer is at IV the long pointer is at XII, that is, the former is 20 
minute spaces in Advance of the latter; thereifore when the pointers are 
together the long pointer will have moved over x minute space, and the 
short one only x — 20; bat the former is 12 times the latter, because 
the long pointer moves 12 times as fast as the short one. 
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.'. 12 times (x — 20) = a?; 

.*. 12 07 — 240 s X ; adding 240 to these equals, 
12 X sas X -^ 240 ; taking x from these eqaals, 
11 a: = 240 ; .-. a? =» i of 240 — 21ft min. 
.*. The time will be 21ft mio. past 4. 

25. Solve by equations; ques. 91, Art. 39. 

26. To solve ques. 5, Art. 49, by equations. 
Let X ss the gain per cent, per annum ; then 

The gain ^ ^4000 X li X a? -r- 100 » £60 x; bat the gain is ^650; 

.•. 60 a; n 650 5 .•. a: =« 10§. 

27. Solve by equations; ques. 1, 2, 3, 4, Art. 49. 

28. To solve ques. 2, Art. 50, by equations. 

Let X SBB the principle in pounds ; then by the rule of interest, 

Interest, in ^6 =« ^,^^^ \lt^ ; but the interest is ^640; 

100 X 366 

, a? X 5 X 146 .^ 40 X 100 X 365 ^..^ 

•• 100X365 -<^0»'''^° 5X146 ° ^^^^^ 

29. Solve by equations, ques. 1, 3, Art. 50. 

30. To solve ques. 1, Art. 51 by equations. 

500 X 4 X a? 

Let X as the number of days ; then the interest =» £ ,^^ -r:^- ; 

■^ 100 X 365 * 

but the interest = i;516 — ^6500 =» ^16 ; 

. 500X4Xa: ^ . «, « l^Xj^ « 292 davs 

'• 100X365 --16, ..a;--^-^^-^ « 292 days. 

31. Solve by equations; ques. 2, 3, Art. 51. 

32. To solve ques. 6 and 8, Art. 54, by equations. 

1st. Let a; s^ the present worth in £, Here the present worth 
added to its interest for the given time must be equal to iS350. 

T.. ^ A a?x3x6ll a?x21 
Interest on x pounds y^^-^^j^ - "SOQ-' 

X yc 21 
•*• * ^ f^nn ** ^^^» multiplying these equals by 600, 

500 a; + 21 a; = 176000 ; adding the a;'s, 

521 X = 17.5000; dividing these equals by 521» 
X = 175000 -^ 521 = ,£-335 178. lOd. 
2nd. Let x as the sum in £. In this case the sum added to its 
interest for a year most produce j6630; hence, we have, 

a? + a? X 6 -7- 100 = je630 ; multiplying these equals by 100, 
100 a? + 5 a? = je63000 ; adding the a:'8, 

106 X = ^£-63000; .-. x = ^£'63000 -j- 105 = ^£'600. 

33. Solve by equations any of the questions in Art. 54. 

34. A person after paying an income-tax of 7d. in the £, has ^233 
left; what was his gross income? 

Here every 198. 5d. left corresponds with £l income; 

.•. No. pounds income =« -£233 -f- 19s. 6d. =* ^240. 

Or thus. Let x = his income in £ ; then the income-tax s* x x jfe. 
But his income will be equal to the money left added to the sum paid 
for income-tax, 
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.*. a as 233 + ^ X ^ ; multiplying these equals by 240, 
240 X ss 55920 -{■ 1 x; taking 7 x from these equals, 
233 X a* 55920; .-. x -» 55920 -^ 233 = ^'240. 

35. A ship worth ^£3600 beiog lost, of which A's share was ^200 
more than B's, and C*s half as much as A*8 and B*s taken together ; 
find the loss which each will sustain if she be insured for iC'3000. 

Let X ss B*s share of the ship ; then A's ss a; 4- 200 ; 
and C's = i (A*8 + B's) = J (x + a? + 200) = J ^2 a? + 200) 

= a? + 100. 
But the sum of their shares roust be equal to ^3600, 

.'. X + X + 200 + a? + 100 == 3600; adding the x% &c., 
3 or + 300 = 3600 ; taking 300 from these equals, 
3 a? *. 3300; .*. x = 1100, B's share; 
.'. A's share « 1100 + 200 = 1300, and C's ^ 1100 + 100 — 1200 

Now dividing the loss, ^£600, in the ratio of their shares (See Art. 60), 
we find, A's loss » j£*600 x i^ » ^216;; and so on to the others. 

36. A grocer sells 500 lbs. of tea at a profit of 6 per cent., and 300 Ibi^. 
at a profit of 10 per cent. ; if he had sold the whole at a uniform profit 
of 8 per cent, he would have received 12s. more than he actually got; 
what was the cost price of the tea per lb. ? 

1st. Profit at Is. per lb. cost « 500 X ife + 300 x Vjji = 608. ; 
2nd. . „ ,. = 800 X tSc = 64s. ; 

.*. Excess of profit, the tea being Is. per lb. ss 64 — 60 a^ 4s. ; 
bat the excess of profit, by the ques., is 12s., 

.*. Price of the tea per lb. in shillings ss 12 -7- 4 =s 3s. 
Or ihtia. Let x a* the cost price in shillings ; then 500 x as cost of 
500 lbs., &c. 
1st. Profit ■= 500 a; X ife + 300 a? X -Aft = 30 a? + 30 a? =a 60 a?; 
2nd. „ a= 800 a: X -^ = 64 x. 

But, by the question, the latter is 12b. more than the former, 
.'. 64 « — 60 a? *Bs 12 5 subtracting the ar's, 
4 a; «= 12; .*. x ^ 3s. Ans. 

37. A gentleman dying leaves property worth ^2100 among 3 sons 
and 2 daughters, directing that the sons shall have alike ^ more than 
the elder daughter, who should have ^200 more than the younger. 
How much did each get ? 

Let 4x9= the elder daughter's portion; then the younger one's 
SB 4 a; — 200; each son's portion ^^^x + x^^bx; and 3 sons' por- 
tion =B 3 times 5 a; =s 15 a;. 

But the sum of all their portions must make up j£2100, 
.*. 15 a? -h 4 a: -f 4 a: ~ 200 =■ 2100 ; adding the aj's, 

23 a; — 200 as 2100; adding 200 to these equals, 
23 a? = 2300; .*. x == JclOO; 
Elder daughter's portion = 4 a? = ^'400; younger daughter's portion 
SB iiS200; and each son's portion s= 5 a; =s ^500. 

38. A person buys 60 tons of coals, and gains ^12 by selling them at 
28. 3d. per sack. If he had sold them at Is. lid. per sack he would 
have lost £^. Find the cost price per ton, and the weight of a sack. 

Let X 3K the number of sacks in the whole; 1st selling price in shil- 
lings MB 2} X a;; 2nd selling price s» }\^ x x. Now we shall get two 
independent values for the cost price of the whole in shillings. 
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l8t. Cost price of the whole « 2j X a; — 12 x 20 « 2J a? — 240 
2nd. „ „ — l^i X re + 4 X 20 == ly 0? + 80 

.-. 2\x — 240 == JjJ a: + 80: maltiplying these equals by 12, 
27 a? — 2880 = 23 a? + 960; adding 2880 to these equals, 

27 a; 3B 23 a; 4- 3840 ; subtracting 23 x from these equals, 
4 07 SB 3840; .*. X =. 960, number of sacks. 
.•. Weight of each sack = 60 tons -r- 960 = 1 J cwt. 
Cost price 60 tons in s. « 2J X 960 — 240 = 1920 
„ 1 ton „ = 1920 -i- 60 «= 32s. 

39. Divide ^660 among A, B, C ; so that A's share : B's share : : 3 
: 2 ; and B's share : C's share : : 5 : 4. 

Here, 3 to 2 is the same as 1 to J, that is, B*s share :== f of A's share; 
5 to 4 is the same as 1 to jj, that is, C*s share = | of B*s. Now let x 
SB A*s share in ^, then B's share »e J a?, and C's share = ) of J x = -j^ a;. 
But the sum of these shares must make up ^660, 

.'. a? + §a:-f^a:=s 660; multiplying these equals by 15, 
15 a? + 10 a? + 8 a; = 660 X 16 = 9900 ; adding the a?'s, 

33 a: = 9900; .•. x « 9900 -J- 33 -- ^6300, A's; 
.-. B's share »= J ac = ^£'200; and C's =- -ft a? == ^160. 

40. To solve ques. 21 and 24, Art. 59, by equations. 

1st. Let X = the cost price in £. Here the cost price added to the 
gain upon it must be equal to the selling price or ^169. 
Gain on x pounds = a: x 30 -f- 100 = ^ a?, 

.'. iiii + ii ^ ^=^ ^*169 ; multiplying these equals by 10, 
10 a: + 3 a? = ^1690; ,-. x = jei30. 
2nd. Let x s the selling price in £, to gain 25 per cent. ; then 

_, ^ 100 X a? , ri * 100 X 33 

Cost price = — r^ — ; also Cost price = — — — — ; 

IaO 110 

. 100 Xar _ 100X33 . . 33 X 125 _ 

• • 126 no"" ' • • ~TIo *^'*- 

41. Solve by equations; ques. 20, 22, 23, Art. 69. 

42. A person wishing to serve some beggars, found, that if he gave 
each 3d. he would have 4d. left; but if he gave each 5d. he would want 
8d. ; how many beggars were there ? 

Put X for the number of beggars. In order to solve this question, we 
shall find two separate values for the number of pence the person had, 
in terms of or, and then we shall put these two values for the same thing 
equal to each other. 

No. pence that would be 1st given away ss 3 rr; 
but the number of pence the person had is 4 more than this, 
.*. Number of pence the person had = 3 a: + 4. 
No. pence given away in the 2nd case ss 5 x; 
but the number of pence the person had is 8 less than this, 
.'. No. pence the person had = 5 ar — 8, 
.'. 5a; — 8ar3a;-|-4; adding 8 to these equals, 

5 x 3= 3 a; -{- 12; taking 3 x from these equals, 
2 a:= 12, .\ x ^ 6. 

43. I want to divide some nuts among a certain number of boys. If 
I were to give 6 nuts to each boy, I should have 4 nuts to spare, and if 
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I were to give 8 nuts to each boy, I should have 14 nuts too few. How 
many boys are there? Aru. 9. 

44. Divide a rod of 10 ft. long into two parts, so that the one part 
may be 4 ft. longer than the other. Ans. 3 and 7 ft. 

45. A man is 5 years older than his wife, but 10 years hence her age 
will be } of his age. Reqaired their ages. 

Let X as the wife's present age ; then re + 5 ■» the man's age ; 
the wife's age 10 years hence =s: a; + 10; the man's 10 years hence 
= X 4- 1^! hut the former is { of the latter, 

.*. a; -f 10 SB J (a; + 15); multiplying these equals by 8, 
8 (a; + 10) =» 7 (x -4- 15); completing the multiplication, 
8a;4-80ss7a7+ 105; talcing 7 x from these equals, 
X -j- 80 !» 105; .*. X ms 25, the wife's age; 

and the man's age =» rr -|- 5 ^ 30. 

46. John is 2 years older than Tom, but 3 years hence Tom's age will 
be j of John's. Required their ages. ^ru. 7, 9. 

47. A man is 28 years older than his son, and their united ages is 52. 
Required the son's age. Ans. ] 2. 

48. If 20 be added to a certain number, the sum will be 6 times the 
number itself. Required the number. Ans. 4. 

49. A man spends £Z0 of his yearly income in house rent, and § the 
remainder in general expenditure, and at the end of the year be lays by 
j£20. What is his income ? 

Here since he spends | the remainder, ) of the remainder is what he 
lays by ; but this is ^20, 

.*. \ the remainder ^ iS20; .*. the remainder =s ^60; 
.*. His income « jCeO -f £30 » ^90. 

Or thus. Let x >» the man's income in £; then the expenditure 
« § (a? — 30). 

The income, in i& ^^ Rent -f Expenditure -f Savings 

— 30 + § (x — 30) + 20 «« 50 -I- I (a? — 30); 
but the income is x pounds, 

.». a? «B 50 + J (^ — 30); multiplying these equals by 3, 
3 a; SB 150 + 2 (a; — 30); completing the multiplication, 
3 a- =' 150 -f 2 a? — 60; .-. x =« ^90. 

50. To solve ques. 12, Art. 24, by equations. 

Let X SB the sum ; then sum 1st spent ^s ^ or j 

.'. Sum then left =sa: — \x sfs^x. 

Sum next spent "^fofjxss-^aras^a;; 
.*. Sum now left =»fa; — ^x ^ ^x — gxasjop; 
but this sum now left is equal to 2^ shillings, 

.*. ^x SB 2^s., .*. a; 3S 6 times 2Js. as 14s. 

51. A gave | of his money to B, and ^ of the remainder to C, and then 
found that he had 9d. left ; what had he at first ? Ans, 30d. 

52. Solve ques. 13, Art. 24, by equations. 

53. How much tea at 6s. per lb. must be mixed with 10 lbs. at 38. 
per lb., so that the mixture may be worth 4s. per lb. ? 

Let X "s the no. lbs. at 6s. ; then a; + 10 =«. no. lbs. in the mixture; 
Value mixture, in s. *b 6 X ^ + 3 X 10 « 6 ar + 30, 
also, „ „ — 4 X ^a:-|- 10) — 4ar+ 40; 

f5 
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.*. 6 ar -H 30 s 4 rr + 40 ; taking 4 x from these eqaaU, 
2 a; -f 30 = 40 ; taking 30 from these equals, 
2 a; ss 10; .*. x ^ 5t the no. lbs. 

54. Solve ques. 6, 10, Art. 67, by equations. 

55. How many crowns and two-shilling pieces will pay a bill of J626, 
the number of pieces, of both kinds, being 140? 

Let X SB the no. of crowns ; then 140 — a? as the no. of 2s. pieces. 

Value of the crowns, in s. s^ 5 x^ 
Value of the 2s. pieces, in s. «= 2 (140 — a;) :« 280 — 2 x; 

but the value of the two together will be £26 or 520 shillings, 
.*. 5 X + 280 ^ 2 X ^B 520: taking the 2 x from the 5 x, 
3 or + 280 3= 520 ; taking 280 from these equals, 
3 a: = 240; .*. a: =: 80, the no. crowns; 
and the no. of 2s. pieces = 140 — 80 =» 60. 

56. How many crowns and shillings will pay a bill of £2 10s., the 
number of pieces, of both kinds, being 22 ? Ana, 7, 15. 

70. Operation of subtraction. Before proceeding with these prob- 
lems, it is requisite that we should explain the following fundamental 
operation of subtraction. From £^ let it be required to subtract ^5 
less by ^3. Now this is obviously the same as subtracting £2 from j£9, 
but we want to show how the operation of subtraction effects the signs 
of the quantities. Taking ^5 from £^ there will be ^4 left, bat this 
result is too little, for we have taken away £% too much; therefore the 
true result will be obtained by adding ^3 to the j£4 ; this operation is 
expressed as follows : .£9 — (^5 — £%) » ^9 — ^5 + ^3 ; where we 
change the signs of the quantities to be subtracted. In like manner, 

9a;— (5 a; — 3)-s4a?-f3; 
here taking 5 x from 9 x leaves 4 jp; but we have taken away 3 too 
I much ; therefore the true result is obtained by adding 3 to the 4 x. In 
like manner, 

5a? — (8 — 4x)= 5a?— 84-4a?a«9a? — 85 
here taking 8 from 5 x gives 5 a? — 8; but we have taken away 4 a? too 
much ; therefore the true result is obtained by adding 4 a? to 5 a? — 8. 

1. To solve ques. 51, Art. 24, by equations. 

Let X am the no. working days ; then 24 — a; ■■ the no. idle days. 

Sum due on the working days, in s. as 2 x. 

Sum charged for the idle days, „ = J (24 — ar). 
Now the sum due to the labourer will be found by subtracting the latter 
from the former ; but the sum due to him is 37s., 

/, 2 a? — } (24 — a?) ^ 37 ; mult, these equals by 4, 
8 a? — 3(24 — x)« 1485 
completing the multiplication and then subtracting the result, 

8a?— 72-|-3a? = 148; /.a? =20. 

2. Solve ques. 52, Art. 24, by equations. 

' 3. A grocer bought 2 1 lbs. of tea ; after having sold 14 lbs. at 10 p. c. 
profit, he sold the remainder at 5 p. c. profit, and thereby gained 78. on 
the whole; required the cost price per lb. 
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Gain on Is. per lb. coat price «»tSjX14 + ^XV-« Js.; 
but the whole gain is 79., 

.*. Cost price per lb. in shillings as 7 -t- } ss 4s. Arts* 

By equations. Let x ■■ the cost price in shillings ; then 

<*» 7 X 7 X 

Gain on 14 lbs. ■■ rj; X 14 « -^; gain on 7 lbs. « — - ; 

•7 or T OC 

,\ -T- + «j?- "» *J ; molt, these equals by 20, 

28 a? + 7 a; a= 140; .*. x =s 4s. 

4. Required the same as in the Ikst example, when the whole gain is 
58. lOd. Ans,^s. 4d. 

5. A man travelled a journey at the rate of 5 miles an hour, and 
returned the distance at the rate of 4 miles an hour. He took 18 hours 
in going and returning. Required the total distance gone over. 

Let X tas the distance each way, in miles ; then 

X X 

-^ as no. hours in going; and -^ » no. hours in returning; 

X X 

.*. -r + J ^ 18; multiplying these equals by 20, 

O 4 

4 x -f 5x z^ 360 ; .*. 2 a; >■ 80 miles, the total distance. 

6. Required the total distance, supposing the rates of travelling to be 
4 and 3 miles respectively. Ans. 61f miles. 

7. From a cask of wine, a sixth had leaked away, 30 gallons were 
drawn, and then it was one-third full; how much did it hold? 

Here, i + i =■ i, .'. the part drawn =s 1 — i =» i; but there were 
30 gallons drawn, .*. ^ part ae 30 gals., and .*. the whole ^a 60 gals. 

By equations. Let x sb the no. gals, in the cask ; then 

no, gals, fc// :« 0? — J— . 30; but no, gals, left » -; 

X X 

.•. a? — - — 30 « - ; multiplying by 6, 

6 « — ar — 180 = 20?; adding 180 to these equals, &c., 

5 a; = 2 a; -f 180; taking 2 x from these equals, 
2 X = 180; .*. X ss 60, the number gallons. 

8. A- gamester lost ^ of his money, and afterwards lost £2, and then 
he had j of his money remaining. How much had he at first? 

Ans. £}5, 

9. Divide £M between A, B, and C, so that B may have £2 for A's 
£Z, and C ^7 for A's ^'6. 

Suppose A to have 6 shares, then B will have | of 6 shares, or 4 
shares, and C will have J of 6 shares, or 7 shares. Adding these shares 
together we shall have, the value of 17 shares « ^34 ; .•. 1 share == 
£2 ; .*. 6 shares «> ^12, A's ; 4 shares sa ^8, B's; and 7 shares ss 
£IA, C*8. 

Let X = A*s share; then B*s = § a?; C's :^lx: 
,'. X -\- ^x -{- Ix =: £M; multiplying these equals by 6, 
6a? + 4a;-j-7«s= ^'204 ; collecting the x's. 

17 a; = £204; .-. a: = £12, A's share; 
B's share » § of £12 ^ £3 ; and C's == i of £12 » £14. 
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10. A person travelled altogether 60 miles ; he went 4 miles on foot 
to 6 miles by water, and 5 on horseback to 3 by water ; how many miles 
did he travel by water? Ant. 18. 

11. Find a namber such that if J of it be taken from 14, and ^ of the 
remainder from i of the original number, 12 times this last remainder 
shall be equal to the original number. 

Here putting x for the number, we readily find the following equation : 
12 { i a? — J (14 — j re) } s= re ; performing the multiplication by 12, 
6 a; — 3 (14 — J a;) ss a;; multiplying and then subtracting, 
6 a; — 42 + 2 a; s« a;; .•. 7 a; = 42; .*. a? =i 6. 

12. Divide 30 into two parts, so that 3 times the less shall exceed } 
of the greater by 1 0. Arts, 6, 24. 

13. Find two numbers, whose sum is 24, and quotient 5. 

As the quotient is 5, one of the numbers must be 5 times the other. 
Therefore dividing 24 into 6 equal parts, one part == 4, and 5 parts =» 
20, that is, the less will be 4 and the greater 20. 

Let X SB the less, then 24 — x <« the greater ; 

24 — X 
/. — ■ 6 ; multiplying these equals by x, 

24 — a; SB 5 a;, or 5 a; s 24 — a? ; .*. 6 a; s=s 24 ; 
.*. a; «B 4, the less ; and the greater »> 24 — 4 = 20. 

14. Find two numbers, whose difference is 9, and quotient 4. 

Ans, 3, 12. 

15. To find a number to which if its half and its fourth parts be added, 
the sum shall be equal to the square of that number. 

Let x ^ the number ; then its square = a; X a;, or a;* ; 

.*. xXx=^x-\'^x-\-\x\ dividing these equals by «, 
a;«l + i + i=-li. 

16. A person being asked his age, replied that \ of his age multiplied 
by \ of his age would produce his age. How old was he? Am, 24. 

17. Divide 14 into two parts, such that if the one be divided by 2, and 
the other by 3, the sum of the quotients shall be 6. Ans. 8, 6. 

18. A horse was sold at a loss for <£30; but if it bad been sold for 
j£40, the gain would have been § of the former loss ; required its value. 

Let X SB the value in «£* ; then the loss ax jc — 30 ; the gain ss 40 — 
x\ but, by the question, J of the former is equal to the latter, 

.•. \{x — 30) s= 40 — x'y multiplying these equals by 3, 
2 (a? — 30) a* 120 — 3 a;; performing the multiplication, 
2 a; — 60 = 120 — 3 a;; .*. 5 a; — 180; .-. a; « i:36. 

19. An article was sold at a loss for 4s. ; but if it had been sold for 5s., 
the gain would have been \ of the former loss ; required its cost price. 

Ans, 48. 6fd. 

20. A and B have the same income; A lays by \ of his income; but 
B. by expending ^14 per annum more than A, at the end of 3 years is 
<£'12 in debt; required their income. 

B spends ^4 per annum more than his income ; but as B spends ^14 
per annum more than A, .*. A spends c£l0 less than his income, and 
thereby saves ) of his income; .*. \ of the income a* j6lO; and .*. the 
income >b ^*80. 
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Let X mm the income in £ ; then A's expenditure in 1 year » x — Ix 
aK } a;; but, by the qaestion, B expends £l^ in the year more than A ; 
.•. B*8 expenditure in 3 years «3(Ja?+ 14) « ^ x + 42; 
also, B*8 „ » ^12 more than his income » 3 x + 12 ; 

3 a? + 12 » ^ a: -I- 42 ; tailing 12 from these equals, 
3 ar «■ ^ a; -i- 30 : multiplying these equals by 8, 
24 a? — 21 a: + 240; .*. 3 a; » 240 ; .-. « « jgso. 

21. Required the same as in the last example, supposing A to lay by 
J of his income. jint. £iO, 

22. Solve by equations, ques. 35, Art. 59. 

Let X ■■ the number of each sort ; then 2 op ■» the total number ; 
Cost price, in pence ««Jap + Ja?a=}a?; 
Selling „ „ «]x2a;a-|a7; 
.*. Gain « I a; — fa?; but the gain is 12d. ; 
•*. ^x — f a; ass 12 ; multiplying these equals by 20, 
16 a?— 16a? as 240; .-. a?«a240; 

23. Solve by equations, ques. 36, 31, 32, 33, 34, Art. 59. 

24. A field was sown with wheat at 34s. per boll, and produced 8 
returns; the crop was sold at SOs. per boll and, after paying for the seed, 
j£206 were left ; how many bolls were sown ? Am. 20. 

25. To solve ques. 54, Art. 40, by the method of equations. 
Let 5 a? SB number steps taken by the pol. to overtake the boy ; 

6 a; — „ „ boy ; 

Distance gone by the pol., in feet ^2 x 5xbb10x; 
ft ff boy, „ -BJof 2 X 6a? — 8 a?; 

but the former distance must exceed the latter by 160, 

.-. 10 a? — 8 a? ■« 160 ; .•.2 a?-* 160; .•. 10 a -» 800 ft 

26. Solve by equations, ques. 55, Art. 40. 

27. To solve ques. 27, Art. 60, by the method of equations*. 

Let a? as no. lbs. copper added; then 64 + a? sb no lbs. in the whole; 
wt. of tin — -d (64 4- x) ; also^ wt. of tin — | of 64 lbs. — 24 lbs. ; 
.-. ^ (64 + a?) = 24 ; .-. a? = l4 lbs. 

28. Solve by equations, ques. 28, Art. 60. 

29. A piece of ground is to be enclosed by posts. When they are set 
2 feet apart, there are 30 too few, but when they are set 3 feet apart 
there are 20 too many ; what is the circuit of the ground ? 

Let X ^ the circuit of the ground in feet; then 

number posts, 2 feet apart, to go round the ground >■ | a? ; 
„ 3 feet apart, „ ,, ae ^ a?; 

but the number of posts is 30 less than the former, and 20 greater than 
the latter ; that is ; no, posit «« ^ a; — 30 ; also, no, potts »■ | a? + 20 ; 
.*. j^ a? — 30 SB j a? + 20 ; multiplying these equals by 6, 
3 a? — 180 « 2 a? -f 120; .-. x — 300 feet. 

30. Required the circuit of the ground, supposing 50 too few in the 
first case, and 60 too many in the other case. Ant. 660 feet. 

31. The tail of a fish weighed 4 lbs., the body as much as the tail and 
half the head, and the head as much as the tail and one-fifth of the body; 
what was the weight of the fish ? 

Here, it will be most convenient to put x as the weight of the head ; 
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then the weight of the body »■ 4 -{- i ^i hat, by the question, weight 
head ss weight tail + i weight body, that is, 

X '^ A -\- \ {A -{- \ x); multiplying these equals by 6, 
52caa20 + 4 + i^; X ess ^ Ibs., Weight head ; 
weight of the body »- 4 + i of 5^ » 6§ lbs. ; 
and weight of the whole fish » 4 + 5^ + 6§ » 16 lbs. 

32. What would be tiie weight of the fish, supposing the tail to weigh 
6 lbs. ? Ans, 20 lbs. 

33. Seven years ac^o my age was 4 times my son's, and 7 years hence 
my age will be double his age. Required our ages. 

Let X as the son's age 7 years ago ; then 
4 jp «■ the father^s age 7 years ago ; 
a; -f 7, and 4 a- + 7, will be their present ages; and x + 14, and 4 x 
-\- 14, will be their ages 7 years hence ; but, by the question, the latter 
is double the former, 

.'. 4 a: + 14—: 2 (a? + 14); .'.a? — 7; 
.*. son's pres. age «= a? -|- 7 ^ 14 ; father's pres. age = 4 a; -|- 7 =s 35. 

34. Two years ago my age was 4 times my son's, and 2 years hence 
nay age will be 3 times his age. Required our ages. Ans. 10, 34. 

35. The paving of a square court, at 2s. the square yard, cost as much 
as the enclosing of it at 16s. the lineal yard. Find the side of the 
square. 

Let X ae the number yards in the side ; then 
OP X ^ or a;^ =: the number square yards in the court : 

4 a? as the number lineal yards in the enclosure ; 
.*. Cost of the pavement, in shillings ae 2 a;^; and 

Cost of the enclosure, in shillings «» 16 x 4 a? ss 64 a? ; 

.*. 2 a;2 as 64 a;; dividing these eqnals by x, 
• 2 a; = 64; .*. a; as 32 yards, the side. 

36. What would be the side of square, supposing the pavement to cost 
8d. per square yard ? Ans, 96 yards. 

37. To solve ques. 31 and 36, Art. 60, by equations. 

First. Let x = the vol. at 32® ; then the vol. at 42° « as -f ~- 

X 

X 10 a» a -f jr\ but, from the question, this vol. is 100 c. in.; 

X 

.*. a; + -- = 100 ; multiplying these equals by 49, 

49 a: H- a; « 4900; .-. a? =■ 98 c. in. 

Second. Let a? ^ the vol. at 29*6 pressure, and 32° temp. ; then 

29*5 
the vol. at 30*6 press., temp. 32° « ar X ^-^ = i? «?; 



the vol. at 30-6 „ „ 52° = jf a; + |f a; X ^ 

but, from the question, this volume is 118 c. in. ; 

••• if » -f S ^ X jb « 118; multiplying by 61 X 49, 
49 X 69 a? + 69 X 2 a:— 118 X 61 X 49; .-. a? « 117^^0. in. 

38. Solve ques. 33, 37, 25, Art. 60, by equations. 

39. A, B, C, travel from the same place at the rate of 3, 4, and 
6 miles per hour respectively ; if B starts 6 hours after A, how long 
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ftfter B must C start, so that they may both overtake A at the same 
instant ? 
Let X IS the number hours B takes to overtake A ; then 
the distance gone by B, in miles as 4 a; 

A, „ -=3(a?+ 6)«=3a?+ 16; 
but these distances are equal to each other ; 

.*. 4 re OB 3 re + 15 ; .'. « as 15, number hours ; 
.*. the distance B must travel to overtake A «* 4 X 15 »» 60 m. ; 
number hours for C to travel 60 miles «s 60 -r- 6 s= 10 ; 
but B took 1 5 hours to overtake A ; 

.*. number hours after B at which C must start «» 15 — 10 sb 5. 

Verification. 3 X (16 + 6) == 4 X 15 = 6 X (15 — 5). 

40. If B starts 6 hours after A, how long after B must C start? 

Ans, 6 hours. 

41. A farmer bought some sheep for ^36. After dividing them into 
three equal lots, he sold the first lot at a loss of 2s. a head, the second 
at a gain of Ss. a head, and the third at a gain of 4s. a head, and received 
j£AO for the whole. How many sheep did he buy, and what price did he 
pay for each ? 

Gain per head = | (3s. + 4s. — 2s.) = js. 
Gain on the whole » ^40 — ^36 » SOs. ; 
.*. number sheep -« 80s. -4- js. =« 80 x { *» 48; 
and cost price each ^s ^36 -f- 48 :» 15s. 

Or thus. Let x ss the number of sheep in each lot ; then 

the whole gain in shillings sb Z x -\- 4rc — 2a?a>s5re; 
but the whole gain is 80s. ; .*. 5 re ss 80; .*. re »> 16 ; 
.*. 3 re ss 48, the total number of sheep ; and so on. 

42. Find the cost price of each sheep, supposing Is. per head to be 
lost on the sale of the first lot. Ans. 18s. 

43. Solve ques. 56, 57, Art. 40, by equations. 

44. A person had some strong spirits to sell ; if he mixed it with 3 
gallons of water he could sell it at 18s. per gallon, and if he mixed it with 
5 gallons of water he could sell it at 16s. ; how many gallons of spirits 
were there ? 

Let re as the number gallons ; then 

value of spirits ss 18 (re + 3); also value spirits as 16 (re + 5); 
.•. 18 (a: 4- 3) = 16 (re -j- 6) ; performing the multiplication, 
18 re 4- 54 = 16 re + 80 ; .-. re =« 13 gallons. 

45. If the first mixture contained 2 gallons of water; how many gal- 
lons of spirits were there, and what would be the price per gallon ? 

Ans, 22, 19s. 7^d. 

46. To solve ques. 62, and 65, Art. 40, by equations. 

First. Let x ss the number lbs. free luggage ; then the number lbs. 

charged, in each case respectively, will be 392 -^ 2 re, 392 — re; and 

75 
the charge per lb., determined for each case, will be —-- — and 

ov^ ~'^ ^ re 

90 

; but these must be equal to each other, for they both express 



392 — re 

the value of the same thing ; 
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75 ^ 90 . 

'*' 392 — 2 a; 392 — a?* 
maltiplying first by 392 — x, and then by 392 — 2 x, we get 
75 (392 — a:J « 90 (392 — 2 a;); dividing by 15. 
5 (392 — a;) SK 6 (392 — 2 a;); performing the multiplication, 
1960 — 5 a; » 2352 —12 a;; adding 12 a; to each, &c., 
7 a; s* 392; .-. a; «= 56 lbs. 

Second. Let x =» the number lbs.; then 

Cost price, in s. ss 5 a; — 15 ; also, cost price, in s. ss 4i| a; — 7 ; 
.*. 5 a; — 15 ss 4| a; — 7 ; adding 15 to these equals, 

5a;^4|a;-f8; multiplying these equals by 2, 
10 a; = 9 a; + 16; .-. x = 16. 

47. Solve questions 63, 58, 59, 60, 61, 64, 66, 67, Art. 40, by 
equations. 

48. A smuggler had a quantity of brandy which he expected would 
raise J612 ; after he had sold 8 gallons, a revenue officer seized \ of the 
remainder, in consequence of which he makes only ^9 12s. ; required 
the quantity of brandy and the price per gallon. 

240 
Let X SB the number gallons ; then price per gallon, in s. = ; and 

X 

number gallons seized »= J (a; — 8) ; 

.*. Value of the part seized, in s. ss } (a; — 8) X — = (a; — 8) — ; 

but the value of the part seized »: j6l2 — J69 12s. ss 48s. 

80 
.*. {x — 8) — «= 48; mult, these equals by a?, 

(a; — 8) 80 = 48 x\ performing the mult. 
80 a; — 640 = 48 a;; adding 640 to these equals, &c., 
32 a; = 640; .•. a; =s 20 gals.; 
and the price per gal. s^ 240s. -h 20 >» I2s. 

49. Required the same as in the last example, supposing 4 gals, were 
sold and \ the remainder seized. Am. 20 gals., 128. 

50. 6 ducks and 5 hens cost 28s., and 3 ducks and 4 hens cost 17s.; 
what is the price of a hen ? 

6 ducks -|- 5 hens ss 28s. ... (1.) 
3 ducks 4- 4 hens = 17s. . . . (2.) 
Let us double both sides of the second equation ; then 

6 ducks + 8 hens ss 34s.; 
but this equation gives the value of 3 hens more than eq. (1.); 
.*. 3 hens = 34s. — 28s. = 68.; 
.*. Price 1 hen = J of 6s. = 2s. 
Or thtitf by two unknown quantiiiei. Let x = the price of a duck, in 
shillings ; and y ss the price of a hen in shillings ; then 

6 a; + 5 J/ = 28 ... (1.) 
3 a; + 4 2/ = 17 ... (2.) 
Doubling both sides of this latter equation, we get 

6 a; -f 8 2/ =s 34; taking eq* (1.) from this, 
3 2/ BB 6 ; .*. 2/ ss 2s. price of a hen ; 
and putting this value of y in eq. (I .), we get 

6x+5x2=«28; .-. a;«=18-i-6a= 3s., price of a duck. 
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51. 12 bottles and 3 basins cost 31s., and 4 bottles and 9 basins cost 
13s. ; what is the price of each? Aru, 28. 6d., and 4d. 

52. A grocer boaght tea at 38. per lb., and coffee at 28., and paid 
altogether SOs. ; he sold the tea at 48. and the coffee at 38. and thereby 
gained 35s. How many lbs. of each did he bay? 

Here the selling price ^ 90s. + 35s. hi 125s. Patting x for the 
number of lbs. of tea, and y for the namber of lbs. of coffee, we readily 
get the two following equations : 

3 X + 2 y — 90 ... (1 .) 

4 a? 4- 3 J/ =« 125 . . . (2.) 

In order to obtain the same namber of x*a in both equations, we mul- 
tiply the first by 4, and the second by 3. 

Multiplying (1.) by 4, 12 a? + 8 y =« 360 
multiplying (2.) by 3, 12 a? + 9 y =* 375 

subtracting, y =^ 15, the no. lbs. of coffee; 

and putting this value of y in equation (1.); we get 

3 :v 4- 2 X 15 as 90; .*. x a- 20, the no. lbs. of tea. 

53. If he bought the tea at 3s. 6d., and the coffiee at Is. 6d ; how 
many lbs. of each did he buy? Ang. 18J, 17]. 

54. To solve ques. 44, Art. 69, and ques. 31, Art. 70, by two unknown 
quantities. 

First. Putting x and y for the parts, we find 

a? + 2/ = 10... (I.) 
X — y ss 4 . . . (2.) 

adding, 2lc «« 14; ,; x ^ 7. 
Subtracting (2.) from (1.), 2 y ■= 6; .*. j/ = 3. 

Or thus. From (1.), a: »» 10 — y ; from (2.), a; — 4 + y ; 
.•. 4-fy«»10 — y;.*. y=*3; and so on. 
Second. Patting x »: the weight of the head, in lbs. ; and y the weight 
of the body ; we readily obtain the two following equations : 

y — 4 + j; and a? « 4 + ^. 

By an easy reduction, these equations become 

2 y — a? r« 8 . . . (1.) ; 5 a? — y -s 20 . . . (2.); 
whence the values of x and y are obtained ; and so on. 

55. Solve by two unknown quantities, ques. 5, 45, 46, 47, 54, 55, Art. 
69, and ques. 12, 13, 17, 32, 33, 34, Art. 70. 

56. A square piece of board contains 81 square inches ; find the side. 
Let X SB the length of the side, in inches; then the area in square 

inches ^la; x ^ «> ^'; but, by the question, the area is 81 square 
inches ; 

.*. a;3 ^ 81 ; taking the square root of these equals, 
a; as 9 inches, the length of the side. 

57. A box, 3 times as high as it is broad, and 5 times as long as it is 
high, contains 1215 cubic inches. Find the breadth of the box. 

Let X ss the breadth in inches ; then the height sa 3 x ; the length 
Hi 5 times the height »« 5 times 3 a; = 15 a;; and the content in cubic 
inches aea; X 3a; x 15a;ss45x'; but, by the question, the content 
is 1215 cubic inches; 
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•*. 45 x' as 1215 ; dividing these equals by 45, 

o^ SB 27 ; taking the cabe root of these eqoals, 
x ^ 3 inches, the breadth required. 

58. A rectangle, thrice as long as it is broad, contains 48 square fioet; 
find the breadth. Ans. 4 feet 

59. The edges of a rectangular chest, which contains 216 cubic feet, 
are as 1, 2, and 4 ; find the length of the edges. Ans. 3, 6, 12 feet. 

60. A certain number of soldiers could be formed into a solid square; 
if they were formed into a square, containing one man less in the side, 
there would be 13 men left over. Find the number of men. 

Let X :k the number in the side of the less square; then x + I will 
be the number in the side of the greater ; hence we have 

The number men = (a; -f 1)^ = a?* + 2 a? + 1, see Art. 73. 
Also, „ „ «= jc2 4- 13 

••. a?« + 2a?4-l=a:*-4-135 taking x^ from these equals, 
2a;4-lssl3; taking 1 from these equals, 
2 a; a: 12; .'.a? = 6; 
.•. The number men = (a? + 1)« = (6 4- 1)« — 49. 

61. Supposing that there were 17 men left over, what would be the 
number? Ans, 81. 

62. If 2 be added to a number its square will be 81. 

Let X SB the number, then, by the question, we have 

{x -\- 2)^ sa 81 ; taking the square root of these equals, 
X "7" A — ^ y , .*• X SIB /» 

63. If 3 be taken from a number its square will be 16. Find the 
number. Ans, 7. 

64. The square of the half of a number exceeds the square of its fifth 
part by 21 ; what is the number ? 

X X 

Let X sa the number; its half » ^; and its fifth part »» -? ; 

2 O 

1 X X X x^ „ a? X X X' 

the square °^"2 '^ "2 ^ 2" "^ T * ^'^^^ ^**® square of— — 5 X x = 26 ' 

.'. rr = 21 ; multiplying these equals by 100, 

25 ar' — 4 a;" = 2100; performing the subtraction, 
21 a?2 = 2100; .-. x^ =1 100 ; ,-. a? = 10. 

65. The square of a number added to the square of its third part is 40 ; 
find the number. Ans. 6. 

66. The difference of two numbers is 8, and their product is 33 ; find 
the numbers. 

Let X ss the less, then a? + 8 == the greater, and 

their product = (a? -f 8) x « — a?* -|- 8 «; 
but, by the question, this is 33 ; 

.*. re* + 8 a? « 33 ; adding 16 to those equals,* 
ar* 4- 8 a? + 16 = 33 -f 16 = 49 ; taking the sq. root; Art. 73, 

a; + 4 = 7 ; .*. a: = 3, the less ; 
and the greater = 3 -f 8 =*= U. 

* To make a:* + 8 a? an exact square, we add (f)* or 4«, that is, the 
square of half the coefficient of x. See Art. 73. 
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67. The difference of two nambers is 6, and their prodact it 16 ; find 
them. Arts. 8, 2. 

68. The square of a number added to twice the number is 15 ; find the 
Bumber. Am, 3. 

69. A person sold a horse for ^11, and gained as much per cent, as 
the horse cost him. Find the cost price. 

Let X :» the cost price in £, ; then, by the question, 
Gain onJ^lOO^o;; 

but, by the question, the selling price is ^11, 

.*. — 4- « —1 11 5 multiplying these equals by 100, 

afl + lOOx:^ 1100; adding 50^ or 2500, 
ae* + 100 X + 2500 » 3600; taking the square root, 
ap + 60 ass 60 ; .•. x = ^10, cost price. 

70. What would be the cost price when the selling price is i624? . 

Ant, je20. 

71. The difference of two numbers is 3, and the difference of their 
squares is 39; find them. 

Let X SB the less, then a: + 3 ss the greater; the square of the less 
■■ a; X ar as apa; and the square of the greater ■■(«-}- 3)* ^ ap* + 6 x 
4- 9. But, by the question, the difference of these must be equal to 39 ; 

.*. X* + 6x + 9.— x«aa39; 

.'. 6 X + 9 = 39 ; .'. X « 5, the less ; 
and the greater » 5 + 3 "* 8- 

72. The difference of two numbers is 4, and the difference of their 
squares is 64 ; find them. Ant, 6, 10. 

73. There ai;e two numbers, one of which is double the other, and the 
difference of their squares is,27; find them. Ant. 3, 6. 

74. A person bought a number of sheep for ^24 ; he sold them for 
4^28 and gained 4s. a head ; how many were there? Ant. 20. 

75. A and B set out at the same time for the same place, A travelling 
2 miles an hour faster than B; A completes his journey in 6 hours and 
B in 9 hours j find the distance of the place. Ant, 3G miles. 



INVOLUTION AND EVOLUTION, ETC. 

71. By involution we find the powert of quantities, and by evolution 
we find their roott. When a quantity is multiplied by itself it is called 
the 2nd power or square of quantity ; thus 3 X 3, or 3^ «■ 9, is called 
the 2nd power or square of 3. The product of three sevens, or 7 X 7 
X 7, or 7^ SB 343, is called the 3rd power or cube of 7; and so on to 
other cases. The small figure, placed over the quantity, is called the 
index or exponent^ and indicates the number of times the quantity is 
repeated ; thus 3^ means 3X3X3X3X3. The square root of a 
quantity is that quantity whose square is equal to the given quantity ; 
thus the square root of 25 is 5, because 5^ ss 25. The cube root or 3rd 
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root of a quantity is that quantity whose cube or 3rd power is equal to 
the fi^iven quantity ; thus the cube root or 3rd root of 8 is 2, because 
2' SB 8; and so on to other roots. Roots are expressed by the symbol 
fj ; thus the 5th root of 32 is expressed by ^32 ^ 2 ; the Srd root or 
cube root of 125 is expressed by i^l25 »» 5 ; the square root of 9 is ex- 
pressed bv ^9 or simply by ,^9 = 3 ; and so on. Hence we have, — 
>/6 X >/5 = 5, V8 X V8 X V8 =* 8 ; and so on. Thus roots and 
powers denote reverse operations, for example, the cube of the cube 
root of 8 is 8, or symbolically (i^S)^ » 8, or generally ( \JaY =^ a. A 
number whose root cannot be exactly found is called an irrational qtum^ 
tity or iurd ; thus ^^3 and Ijl are surds. 

■ 

72. Properties of Indices, 



1. 4* X 4' = 4X4X4X4X4 — 4» = 1024 ; whn-e we add the 
exponents of the factors to obtain the exponent of the product. General 
formula, — a° X a^ n a ° '*' "*. This formula holds true for fractional 
and negative indices, as well as for integer indices. 

The symbol y/a may be written o*, for a* X o* ■■ o ; and \/a may 

be written a^, for o^ x a' X a^ ™ o» the addition of the exponents pro- 
ducing 1 ; and so on generally. When a fractional index is used with 
any quantity, the numerator denotes the power aqd the denominator 

the root to be taken ; thus a* means ^a^ or the cube root of the 'square 
of a, 

2. The power of a power of a quantity is obtained by multiplying the 
indices of the two powers. Thus the cube of 4' or (4')' a= 4 x 4 X 

4 X 4 X 4 ~x"4 = 4» — 4096 ; and in like manner, (3fy^=s 3* X 3* X 

3* X 3^ X 3* X 3* = 3» = 21. The general formula in this case 
is,— (a")" =s anm =sx (an»)n . 

Hence we may shorten the operation of finding certain powers of 
quantities. Thus the 6th power of 3 may be found by squaring its cube, 
or 3« = (33)2 = 27 X 27 = 729. The 9th power of 2 may be found by 
cubing the cube, or 2^ =» (2»)» «= 8^ = 512. 

3. (2 X 4)3 = 2X4 X 2"X~4 X 2ir4 « 2^ x 4» =» 612. The 
general formula in this is, — (a X b)" =0° X b^ , Hence we may in 
some cases shorten the operation. Thus 4' X 5^ =» (4 X 5)' hi 20* 
— 8000. 

4. ^ « ^^!^^!^^t ^^ « 4 X 4 = 42; where we sabtraet 
43 4X4X4 ' 

the exponent of the divisor from the exponent of the dividend to obtahi 

the exponent of the quotient. The general formula in this case is, — 

a" 

73. To find an expression for the square of a number consisting of 
two terms. For example, let it be required to find the expression for 
the square of 6 + ^« 



6-1-4 
6 + 4 






6 X 4 + 42 
6« + 6 X 4 


« (6 + 4) X 
- (6 + 4) X 


4 
6 
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Here 6 + 4 is taken 4 times 
and then 6 tiroes, and the re- 
snlts added together. Showing 
that the square of 6 + 4 is 
eqaal to the square of the first 
term + twice the product of the 
two terms + the square of the 6> + 2 X 6 x 4 + 4^ « (6 + 4)* 
second. 

In like manner, (o + 6)» « a» + 2ab + 6». Also, (a — 6)2 — a* — 
2ab + b». 

Conversely the square root of 6' + 2 X 6 X 4 + 4' is 6 + 4 ; and 
generally the square root of a^ + 2 a6 + b' is a + 6. 

The quantity oc^ + 2 ox may be made an exact square by adding a' 
to it, that is, by adding the square of half the coefficient of x. Thus afl 
+ 6 re iftay be made an exact square by adding 3' or 9, and then the 
square root of oc^ + 6 « + 9 will be a? + 3. This operation is useful in 
solving quadratic equations. 

By multiplication, we also have, (a + 6)' -■ a* + 3 a% + 3 a^ + b*; 
and so on to other powers. 

74. Extraction of the second, or square root. 

The square root of the following quantities is at once found : ^/81 
— 9 ; v^49 » 7 ; v^i » i ; Vi » i ; 's/Ht -» I- But when the square 
root of a quantity contains two or more figures the operation is con« 
ducted as follows : 

To find the square root of 745*29 and *09365. 

V74629 « 273 V^'093656 — -306023, &c 

4 9 

47)345 606) 3650 

329 3636 



543) 1629 60202) 140000 

1629 120404 



602043) 1959600 

&c., &c. 

Here we first place a point over the units* place, then over every 
alternate figure. We take the nearest square root of the 7 (the figures 
within the first point) which will be 2 with 3 as a remainder. We now 
bring down 45, the figures included by the next point; and double the 
2, the root figure found, which will make 4, this is the trial divisor ; then 
34 divided by 4 gives 8, but after completing the true divisor this root 
figure would be too great, therefore we put down 7 for the next figure 
in the root; we put this 7 also after the 4, and it gives us 47 for the true 
divisor ; we then multiply 47 by 7 and subtract the product from the 
preceding remainder, leaving 16; we now bring down 29, and multiply 
27, the last figures in the root, by 2, making 54 (or what is the same 
thing we add the 7 to 47) this gives us the new trial divisor; then 162 
divided by 54 gives 3 for the next figure in the root; we pnt this 3 also 



118 INVOLUTION AND EVOLUTION, BTC. 

after the 54, which gives 543 for the true divisor ;. End so on. It will 
be observed that the trial divisor is always found by doubling the figures 
found in the root, and the new root figure annexed to the trial divisor 
gives the true divisor. In the second example there is no exact root, 
but we approximate to it as far as we please by taking down cyphers as 
they are wanted. Also, in this example, we have an instance of cyphfirs 
occurring in the root. 
Proof of the rule. The first example is here written out in fall. 

V74629 =r 200 + 'ZO + 3 
40000 » 2002 



2 X 200 4- 70 -s 470)34529 

32900 = (2 X 200 + 70) 70 

2 X 270 -f 3 = 643) 1629 

1629 =■ (2 X 270 -f 3) 3 

• • • • 

It is obvious, that a quantity having one or two figures has one figure 
in the root, and that a quantity of three or four figures has two figures 
in the root, and so on ; hence the number of dots always indicates the 
number uf figures in the root. Here the number of dots is three, there- 
fore there are three figures in the root. The rule for the extraction of 
the square root is derived from the form of the square of a binomial; 
thus we have by multiplication, 

(a -f «)a = a2 + 2 a« + a2 3= a2 + (2 a + z)z; 
making a — 200, 2=70; and a = 270, « *= 3 ; we get 

(200 + 70)2 ^ 2002 + (2 X 200 -f 70) 70; and 
(270 + 3)2 «x 2702 + (2 X 270 -+• 3)3. 
The nearest square root of 7 is 2, and the root of the proposed number 
will lie between 200 and 300, therefore we take 200 for the first term of 
the root. Let z be the next term of the root ; then 

(200 -f «)2 = 2002 4- 2 X 200 X 2 + «2 «* 2002 + (2 X 200 -f z)x; 
where it appears that, after subtracting 2002 from the given number, we 
obtain z by dividing by the trial divisor 2 X 200, and then for the true 
divisor we add z the root thus found. In this example we find z ^^ 10; 
then after subtracting the product of the true divisor by 70, we shall 
have subtracted, in all, 2002 + (2 X 200 + 70) 70. or (200 -f 70)2, or 
2702. Wg j^Qyf u,^j 2 X 270 for the next trial divisor, and the next 
term of the root to be 3, and the true divisor to be 2 X 270 + 3, which 
being multiplied by 3 and subtracted, leaves no remainder; but we shall 
have subtracted, in all, 2702 4 (2 x 270 + 3)3, or (270 + 3)2 or 273*. 
In precisely the same manner the proof may be extended to 4 figures in 
the root, and so on. In practice the redundant cyphers here employed 
are omitted, and instead of bringing down the whole remainder at every 
step, each period is taken down as it is wanted. 

The square root of a fraction is equal to the square root of the nume- 
rator divided by the square root of the denominator; thus ^^^ as). 
But when these roots cannot be exactly found, the fraction should be 
brought to a decimal, before the square root is taken ; thus^j « ^^-376 
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SB '6123, &c. The roots of fractions may also be found as follows : — . 
^^ «r V^-^ = ) VU » i of 3-7416, &c. « -5346, &c. ; again, ^\ « 

^5-^ = J ^/6 = I of 2-4494, &c. — -6123, &c. 
o X 2 

The square root of a decimal quantity can always be brought to the 
square root of an integer, as follows : ^-003 = s/^^^ = jb V'SO — ^ 
of 6-47, &c. « -0547, &c. ; ag^in, ^^-02 = s/^ = A 's/2 — -1414, &c. 

Examples, Find the square root of 132496 ; 25*4016 ; 5*12 ; '34 ; 7 ; 
§; i; J; *0002. 

Answers, 364 ; 5*04 ; 2-2627, &c. ; *583, &c. 5 2*6457, &c. ; *8164, &c.; 
«449,&c.; '866, &c.; *01414, &c. 



75. Extraction of the third, or cube root. 

The cube root of the following quantities is at once found ; 1^125 => 
5 ; 2/343 « 7 ; and the cube root of the fraction A*, = |. But when the 
cube root of a quantity contains two or more figures the operation is 
eondacted as follows : — 



To find the cube root of 83*6238. 



3 X 4« « 48 
3 X 4 X 3 — 36 

33 «: 9" 

5169 
369 J 

3 X 432 « 6547 
3 X 43 X 7 « 903 

72 =« 4 


» 

n 


663779 \' 
9079, 


3 X 4372 = 672907 
3 X 437 X 2 = 2622 
23 » 4 


67316 


924 



V83-623806 « 4*372, &c. 
64 

19623 
16507 



4116800 
3946453 

170347000 
114633848 

55713162000 

&c., &e. 



Here we first place a point over the units* place, and then ovei every 
third figure. We take the nearest cube root of 83, which will be 4 with 
19 as a remainder. We bring down 623, the figures included by the 
next point; and take 3 times the square of the root figure making 48; 
this is the trial divisor, then 196 divided by 48 gives 4, but after com- 
pleting the true divisor this root figure would be too great, therefore we 
put down 3 for the next figure in the root. To complete the divisor we 
take 3 times the preceding root figure moltiplied by the new figure of 
the root, and write the prodact, 36, beneath the 48, taking care to re- 
move the figures a place to the right ; in the same manner we write 
down the square of the new root figure ; these added together give 5169 
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for the trite divitor^ which multiplied by 3, and subtracted from the sub- 
trahend 19623, gives 4116 as a remainder; and so on to all the other 
figures of the root. It remains to be shown how the next trial divisor' 
is found without the trouble of squaring 43 and multiplying by 3. Briii|^ 
down 36 and 9 making 369, and then add the three lines of figures con-' 
xiected by the bracket, and this will give 5547 for the trial divisor; and 
80 on to all the succeeding ones. In this example there is no exact root, 
but we approximate to it as far as we please by taking down three 
cyphers as they are wanted. Two more figures (at least) in the root 
may be obtained by simply dividing the last subtrahend by the last 
di\isor ; thus we find the root to be 4*37297, &c. , 

Proof of the rule. To find the cube root of 94818816 retaining all the 
cyphers. 

3 X 400^ =B 480000 V^^^^S^^^ » 400 + 50 + 6 

3 X 400 X 50 — 60000 64000000 « 400» 



50^-* 2500 



542500 
62500^ 



30818816 
27125000 

3693816 



. T 



3 X 450« « 607500 3693816 

3 X 450 X 6» = 8100 

6'— 36 



615636 



It is obvious, that ft quantity having one or three figures has one 
figure in the root, and that a quantity of four or six figures has ttoo 
figures in the root, and so on ; hence the number of dots always indicates 
the number of figures in the root. Here the number of dots is three, 
therefore there are three figures in the root. The rule for the extraction 
of the cube root is derived from the form of the cube of a binomial ; thus 
we have by multiplication, 

(a + «)^ =» o' + 3 a^z 4- 3 aa' + «8 =s a» 4- (3 a' -f. 3 as + «2)af ; 
making a = 400, z = 50 ; and a =« 450, s ae 6 ; we get 
4503 » (400 H- 50)3 ^ 4003 + (3 x 400^ + 3 X 400 X 60 + 60>) »; 
4563 = (450 4. 6)3 = 4503 4- (3 X 450^ 4- 3 X 450 X 6 4- 6?) 6. 

Having found 400 for the first term of the root, let z be the next term 
of the root, then 

(400 + «)3 « 4003 + (3 X 4002 4- 3 X 400 X z + z^. 
Where it appears that, after subtracting 4003 from the given number, 
we have for finding z, the next term of the root, the trial divisor 3 X 
400^ ; then to complete the trite divisor, to this trial divisor we add 3 X 
400 X the last term uf the root -i- the square of the last term of the 
root. In this example we find 2 sss 50; then after subtracting the 
product of the true divisor by 50, we shall have subtracted, in all, 400^ 
4- (3 X 4002 4- 3 X 400 X 50 + 50^) 50, or (400 4- 50)», or 4503. We 
now find 3 X 450* for the next tried divisor (the manner of obtaining 
this will be afterwards explained) and the next term of the root to be 6, 
and the true divisor to be 3 X 450* 4-3 X 450 X 6 4- 6*, or 615636, 
which multiplied by 6 and subtracted leaves no remainder, but we afaall 
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have now subtracted, in all, 450* + (3 X 450> + 3 X 450 X 6 + 6^) 6, 
or 456^. It remains for ns to show how the trial divisor is found by the 
eat J process given in the rule. For the second trial divisor, for example, 
we have 

3 X 460» =» 3 (400 + 50)« — 3 X 400* -f 3 X 2 X 400 X 60 + 3 X 60» 
— 3 X400»+3 X400X60 4- 60«4-3 X400X60+2 X50». 

This formula is, in fact, the operation given in the rule, where the first 
three terras are the preceding trial divisor, and the last two terms are 
the addenda forming the new trial divisor. The ^ame process will obvi- 
ously apply to any other trial divisor. 

76. The cube root of a fraction is equal to the cube root of the nu« 
merator divided by the cube root of the denominator; thus the cube root 
of ^ ^ f . But when these roots cannot be exactly found, the fraction 
should be brooght to a decimal, before the root is taken ; thus l/^ aK 
1^*6 s> *8434, &c. The cube root of a fraction may also be found as 

follows: l/i — l/ l^l^l — J V18 == i of 2-6207, &c. — -8735, &2. 

o X •> X 3 

The cube root of a decimal can always be brought to the cube root of an 
integer, as follows : ^/^l — i/M == A V^IO *» A of 69439, &c. «= 
•59439, &c. 

Examples, Find the cube root of 440711081 $ 344*472101 ; 646420545288; 
5; J; 28; 3; J. 

Jruwert. 761 ; 7*01; 8642; 1-7099, &c. ; •69336, &c.} 3*0365, &c.; 
1-4422, &c.; *5848, &c. 

77. Properties of roots, 

J. J. i. i -i— 

1. General formula: — (a "")"* mt (a ">)•» = a ">". 

a = (a^«; /. a* — (a^; .\ (a*)* — a*; 
that is, the sixth root of a quantity may be found by taking the cube 
root of the square root of the quantity, or by reversing these operations ; 
thus V64 — ^ 8 ^ 2, or JS/64 =» v'* — 2 ; ^15625 — ^/26 — 5. 

Similarly (a*)* =— a* ; that is, the fourth root may he found by taking 
the square root of the square root; thus ^1296 » ^/36 ^9 6. 

Similarly (a»)' «= o'; that is, the ninth root mav be found by taking 
the cube root of the cube root; thus ^12312904 »= \/2H a 6*162, &c. 
And so on to other roots. 

1 i - 4- — M ^^ ' ^ 

2. General formula : — o» x o" s™ o" " = o °*° . 

(«» X aV ■■ (« )* X (ab' — a» X a« = a«; taking the sixth root, 

a^ X a^'^J^ (o5)i =» (a*)*. 

Thus ^4096 X ^4096 =« 4096^ =• 4* = 1024. 

1 -I X, 

8. General formula:— a^ x b" » (a X b)". 
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(o* X b^)' — (a^)' X (h^^ =* a X b; taking the third root, 
a* x6* = (o X6)i Tha8 V56=.V8l<T=:«:V8 X V^ = 2 ^7. 

Similarly ^/27 = ^9 X 3 = ^9 X -s/3 = 3 ^/3 ; and 
-^12 + ^48 = <y4 X n/3 + n/16 X ^3 = 2 ^^3 + 4 ^^3 = 6 ^3. 

Exermes, ^1^6976= 26; ^594823321 == 29; ^40353607=^ 
V54289 == 15-264, &c. ; ^141420761 « 8-046, &c. ; ^64 x 5/64 = ' 
= 32; V108 — Vl2 = 4>/3 5 1/5^ + 1/16^ 5 1/ 2, 



78. Calculation by Logarithms. 

Arithmetical calculations are mach simplified by the use of logarithm 
The multiplication of numbers is found by adding their logarithms, ao 
the division of one number by another is found, by taking the differem 
of their logarithms. Any power of a number is found by mnltiplyfi] 
the logarithm of that number by the given power, and any root of 
number is found by dividing the logarithm of that number by the figai 
of the root. The manner of finding the logarithm of a given numbe; 
and reversely of finding the number corresponding to a given logarithfl 
is sufliciently explained in all books containing tables of logarithms. 

To multiply 5-3472 by 12-613. 

Here we add the logarithms of the 
numbers, and then find, in the tables, 
the number corresponding to the loga- 
rithm, 1-828, &c., to be, 6.7-444, &c., 
which is the product required. 

To divide 246-45 by 12-301. 

Here we subtract the logarithm of the 
divisor from the logarithm of the divi- 
dend, and then find, in the tables, the 
number corresponding to the logarithm, 
1*3017, &c., to be 20034, &c., which is 
the quotient required. 

To find the 20th power of 1'0232. 

Here we multiply the logarithm of the 
number by 20, and then find, in the 
tables, the number corresponding to the 
logarithm, -1992, &c., to be 1-582, &c., 
which is the power required. 



log. 5-3472 = -7281264 
log. 12-613= 1-1008184 

1-8289448 
= log. 67-444, &. 

log. 246-45 = 2-3917288 
log. 12-30] = 1-0899404 

1-3017885 
= log. 20-034, & 



log. 1-0232 = -009960*^ 

20 



To find the 3rd root of 83-623. 

Here we divide the logarithm of 
the number by 3, and then find, in 
the tables, the number correspond- 
ing to the logarithm, -64077, &c., 
to be 4-3729, &c., which is the 
cube root required. 



•1992100 
log. 1-582, & 



log. 83-623 » 1-9223257 
Its quotient by 3 ss -6407752 

— log. 4-3729, & 



To find the value of ^' 



12-34 X 1-04* 
6-213 
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Here we add together the logarithms of the two quantities in the nu- 
merator, and subtract the logarithm of the denominator. 

log. 12-34 « 1-0913152 
log. 1-04* — 6 X -0170333 « -0861665 

1-1764817 
log. 6-213 -B -7933014 



-3831803 « log. 2*4164. 
Hence the value of the quantity is j/£2-4164 » £2 Ss. 3|d. 



ARITHMETICAL PROGRESSION. 

79. An arithmetical series is a collection of quantities, constantly 
increasing, or decreasing, from one to the other by a certain number 
caJUfld the common difference. Thus, 2 + ^ + 3 + H + 14, is an 
arithmetical series, where the number of terms is 5, the first term 2, the 
fifth or last term 14, and the common difference 3. As any term is 3 
greater than the term going before it, we may write the terms in the 
following form : — 

1st term = 2 ; 2nd term = 2 -f 3 ; 3rd term « 2 + 2 times 3 ; &c. ; 
where the number of 3's in any term is one less than the number indi- 
cating the place of that term ; hence any proposed term may be readily 
written down, without the trouble of calculating the terms going before 
it; thus the 9th term =:2 + (9 — l)3 = 2-|-8x3=«26. 

1. Find the 11th term of the series 1 + 6 + 11 -|- &c. Arts, 51. 

2. The first term of an arithmetical series is 7, and the common dif- 
ference 8; required the 5th and the 13th terms. Arts. 39 and 103. 

The sum of a series, s, is the addition of all the terms composing it. 
Let it be required to find the sum of the following arithmetical series: 

« «. 1 + 4 + 7 + 10 + 13 -t- 16. 
Here writing the terms of the series in an inverse order, 
«= 16 + 13 + 10 -f 7 4- 4 + 1, 
Adding these two series together, we find 

2s=17 + 17 4- 17 -f 17 -h 17 4- 17 = 17 X 6; 
.-. « = 17 Xi-«(14- 16) J = 51. 
This result shows tha\. the sum of the series is equal to the sum of the 
irtt and last terms multiplied by half the number of terms. 

3. Find the sum of the series 3 -f- 7 4- 1 1 + &c., to 20 terms. 
Here the first term is 3; the common difference 4; the number of 

;erms 20 ; and the 20th or last term = 34- 19x4 = 79; hence 
the sum of the series = (3 4- 79) ^ = 82 X 10 = 820. 

4. Find the sum of 2 4- 5 4- 8 + &c., to 16 terms. Ans. 392. 
6.^ Find the sum of 5 -f 6 -j- 7 4- &c., to 19 terms. Am. 266. 
6. How many strokes does a clock strike in 7 days ? 

No. strokes in 12 hours =14-24-...4-12«»13x? = 78 
„ 7 days — 78 X 2 X 7 = 1092. 

o2 



124 GBOMBTRICAL PROeRBSSIOH. 

7. A gardener planted some tree* in the form of an isosceles triftngle, 
patting 1 in the first row, 3 in the second, 5 in the third, and aeon for 
20 rows; required the nnraher of trees. Amm^ iDO. 

8. If 100 stones be laid in a line, at the distance of 6 feet frooi each 
other ; how far must a person travel who picks them up singly and 
places them in a heap at the distance of 10 feet from the first stone? 

Here, taking the distance one way, the first term is 10, the common 
difference 6, the number of terms 100 ; and the 100th or last term am 10 
+ 99 X 6 = 604; 

.*. the sum of the series » (10 + 604) ift » 30700; and 
the total distance travelled a> 30700 X 2 » 61400 feet. 

9. How far would he travel supposing the stones 5 feet apart ? 

Aru. 50500 fiwt 

10. The first term of a arithmetical series is 8, the last term. 53, and 
the number of terms 10; required the common difference. 

The last term :b 8 + 9 X com. diff. ; but the last term is 53, 
.*. 8 + 9 X com. diff. <s 53; .'.com. diff. a 1(53 — 8) ■■ fi. 

11 . Supposing the last term 62 ; what will be the common di flfo raac a ? 

Ant, 6. 

12. The first term of an arithmetical progression is 2, the sam of the 
series 57, and the number of terms 6 ; required the last term. 

Here, the sum of the series = (2 + last term) { ; 

.'. (2 + last term) j =s 57; .*. last term «» 17. 

13. If the last term be 13, the number of terms 6, and the sam of the j 
series 48 ; what will be the first term ? Amt* 3. 

14. The Ist and 5th terms of an arithmetical progression are 6 and 14 
respectively ; required the intermediate terms. 

The 5th term «» 6 + 4 X com. diff. ; but the 5th term is 14, 
.*. 6 + 4 X com. diff. = 14 ; .*. com. diff. =* 2 ; 
and therefore the intermediate terras are 8, 10, 12. 

15. Required the intermediate terms, when the. 1st and 6th ternMrare 
I and 26 respectively* Ant, 6, 11, 16,21. 






GEOMETRICAL PROGRESSION. 



8Q. In a geometrical series, any one of the terms is obtained frofli 
its preceding term by multiplying by a certain number called the commm 
ratio. Thus, 2 4- 6 + 18 -f 54 4- &c*« is ^ geometrical series, where 
the 2nd term is obtained from the 1st, by multiplying by 3 ; the 3rd term , 
from the 2nd by mqltiplying by 3 ; and so on. In this case the commoa < 
ratio is 3. Having given the first term, the common ratio, and the ; 
number of terms, the series may be written down. Thus, if the first i 
term be 3, the common ratio 2, aqd the number of terms 4, we shall j 
have the series, 3 + 3. 24-3. 2^ +3, 2^, where the exponent of the 
2, in any term, is one less than its place in the series; thus, in the Srd - 
term, this exponent is 2 ; in the 4th term it is 3; and so on. Henee : 
any proposed term of this scries ipay be readily found ; thas, the 9tii j 
term =. 3 X 2^ =- 768. yf 



A 
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I* Required the 5th term of the series 2 + 6 + 18 + &c. Ant. 162. 

2. Required the 7 th term of ^ + } -f i + &c. Ana. ^, 
To Jmd the turn of a geometrical teries. Let it be required to find 

tiMsaoif ff, of six terms of the following series, 

s a. 3 + 12 4- 48 + 192 + 768 ; mult, by the ratio, 
4 s » 12 + 48 + 192 + 768 + 768 X 4 ; subtracting, 
3«— 768 X 4 — 3; .-. j — i(768 X 4 — 3) — 1023. 
From this result we derive the following rule for finding the sum of a 
geometrical series. 

Rule, Multiply the last term by the ratio, and divide the difference 
between this product and thefirtt term, by the difference of the ratio and 

umiy* General formula, a + ar+ at^ + ... + a r"-* ■= — 

When the ratio is a fraction and the number of terms is infinite, the 
last term is to be regarded as nothing, then the foregoing rule simply 
becomes, — Divide the first term by the difference of the ratio and unity. 
For example, let it be required to find the sum of the following series 
taken to infinity; 

S:sB3+l+i + i+ &c. to infinity ; mult, by the ratio ^, 
J»«sl-(-i + l+^ + ^^' *® infinity ; subtracting 
|»=.3; .-.a^-S-s- j — 44; 

where 3 is the first term, \ is the ratio, and § is equal to 1 — \\ hence 
the rule. 

3. Find the sum of the series 1 + 3 + 9 + &Cm to 7 terms. 

Here the 1st term as 1, the ratio as 3, the 7th or last term »» 1 X 3^ 
^ 729. and the difference of the ratio and unity ^b 3 — 1 s* 2 ; hence 
we have, by the rule, the sum «» \ (729 X 3 — 1 ) « 1093. But the 
student should also solve these questions from the first principles. 

4. Find the sum of the series i + i + i\| + &c. to 5 terms, also find 
the sum when the terms are taken to infinity. 

Heve the 5th term ^s J x G)^ » ik > hence by the rule, 

« = (4-Tfaxj)-T-(i-i)-jaxa««i. 

By the rule for the infinite series, sss|-f-(l — ^)a=i X i^^f* 

5. Find the sum of the series, i + i + i + &c., first to 5 terms and 
then to infinity. Ans, ^, and I. 

6. Find the sum of the series, 2*5 + *25 + *025 + &c., first to 5 

terms and then to infinity. Ans^ 2*77775, and 2*7. 

7. Find the sum of J + 2 + 8 + &c. to 7 terms. Ans, 2730-6. 

8. Find the sum of 1-05 + I'OS^ + l-OS^ + 1-05*. 

Here the ratio is 1*05, and 1*05 — \ =^ *05, therefore by the rule, 
s :-> (1-05* — 1-06) -J- -05 = 4-6256, &c. 

9. Find the sum of 2 + 2' + 2' + &c. to 12 terms. Ans, 8190. 

10. Find the value of the recurring decimal *27. 

s =r -2727* to infinity. 
Here, as there are two recurring figures, the common ratio will be 
f Jq, and multiplying both sides of the equality by 100, we get 

100 s =B 27*27 to infinity ; subtracting 
99 « » 27 ; ,\s = g « ^. 

11. Find the values of -6; -36; -135. Ans. §, ^, ^. 
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12. What woald be the price of a horse, which is sold at Id. for the 
first nail in the shoes, 2d. for the second nail, 4d. for the third ziaU»and 
so on, allowing 24 naiU in all ? 

Here the common ratio is 2 and the nnmber of terms 24 ; thereCore, 
the sum of the following geometrical series will g^ve the price of the 
horse in pence. 

«=:14.24-4+...4-2«+2a; 
.-. 2 » = 2 4- 4 + 8 4- . . . 4- 2*5 + 2S* ; 

« = 2« — 1 = 16777215d. = ^69905 Is. 3d. 

13. What would be the price of the horse, allowing 12 nails in all? 

Ans. £11 Is. 3d. 

14. The 1st and 5th terms of a geometrical progression are 3 and 48 
respectively; find the three intermediate terms. 

Here, the 5th term b= 3 x ratio *; but the 5th term is 48 ; 
.'. 3 X ratio < = 48 ; .•. ratio s ;^ 16 «« 2; 
and the intermediate terms are 3 X 2, 3 X 4, 3 X 8, or 6. 12, 24. 

15. Required the intermediate terms, when the 1st and fourth terras 
are 5 and 135 respectively. An*. 15 and 45. 



COMPOUND INTEREST. 

81. When a person receives compound interest upon a nun of 
money, the interest, as it becomes due, is put to the principal, and th^ 
the succeeding interest is chargeable on this sum. Thus if the interest 
of ^100 for 1 year be £5, then if this interest be put to the JSlOO, there 
will be a principal of ^105, upon which interest will be chargeable for 
the next year, and so on. 

For exa mple, let it be required to find the amount of £Q at compoond 
interest for 3 years, at the rate of 5 per cent, per annum. 

As 5 is the ^ of 100, the interest of any principal for a year will be ^ 
of that principal, and therefore the amount at the end of a year will be 
the principal added to jj of the principal, or l^ times the principal. It 
roust be further observed, that the amount of ^1 for a year will be 
£iJQ. Hence we have the following solution. 

je8-0 Principal. 
For ^ '4 Int. of the 1st year. 

Ist year's amount == 8'4 «» 8 X 1 jy* 

For ^ -42 Int. of the 2nd year. 

2nd year's amount = 8*82 = 8 X 1^ X 1 A* 

For ^ '441 Int. of the third year. 

3rd year's amount = 9-261 « 8 X 1^ X lA X l^j. 

= £9 59. 2ifd. 
The whole interest == ^9 5s. 2Jfd. — ^8 » ^1 58. 2)Jd. 

Now 1 jj is the amount of ^1 for a year ; hence it follows, that the Zrd 
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pear*i amouni ob the principal x the Srd power of the amount qf£l for 
a pear ; and so on for any other number of years. 

If the interest is payable half-yearly the amount of £l for a half-year 
will be ^i^« then proceeding as before, we find, the ^rd haif -year's 
amount = 8 X 1^ X 1^ X 1^; that is, the 3rd half-year*? amount » 
the principal X the 3rd power of the amount of£\ for a half-year. 

Hence we have the following general rule for the calculation of com- 
pound interest, the interest being payable at any specified term. 

Rule I. — Find the amount of £1 for the term at which interest is pay- 
able^ involve this to a power denoted by the number of terms at which in- 
terest ia payable; multiply this power by the principal and the product 
teiU he the amount. The principal subtracted from the amount will give 
the interest. The general formula is, m sb p (l + r) °, where p is the 
principal, 1 + R the amount of ^1 for the term at which interest is pay- 
able, and n the number of terms. 

1. Find the amount of ^50 for 5 years, at 4 per cent, per annum. 
Here, the amount of £\ for a year ^^ 1 -)- yjj^ xb £] '04. 

.*. the amount « ^50 X 1'04» »= 50 X 1-21665 «-> £60 16s. 7}d. 
And the compound interest as jSlO 16s. 7}d. 

These powers are best calculated by logarithms. See Art. 78. 
Thus, log. 104« = 5 X log. 104 — 6 X '017033 =. -0851665 « log. 
1-21665, that is, 104* =r 1-21666. 

Commercial men usually make these calculations from a Table show- 
ing the amount of iSl at compound interest for different numbers of 
years and at different rates per cent. Thus, from this table, we find the 
amount of £1, at 4 per cent, for 5 years, to be 1-2166 ; then this multi- 
plied by the principal, ^50, gives the amount required. 

2. To find the amount when the interest is payable half-yearly. 

In this case, there are 10 terms at which interest is payable, and the 
amount of ^'1 for a half-year « 1 -f ^ = 1'02 ; 

.-. the amount — ^50 X 102^0 « .£*60 188. llfd. 

3. Find the amount of; j£320 for 4 years at 3 per cent. ; ^40 for 3 
yean at 5 per cent. ; «i6l for 6 years at 3 per cent. 

Ans. £SQO 38. 3d.; ^46 68. Id. ; ^61-194. 

4. Find the amount of jS20 for 6 years, payable half-yearly, at 5 per 
eent. per annum. Ans. £26 17s. ll|d. 

Rule II. — To find the principal (or present worth) which, at a given 
rate and for a given time, will amount to a given sum. Divide the given 
sum by the amount oi £\ for the given time and at the given rate. 

5. What principal put to interest for 5 years, at 5 per cent, per annum, 
will amount to ^640-262. 

Here the amount of £\ for a year is i6r05 ; then by the Ist rule, 
the amount of £\ for 6 years, &c. = (10.5)* « d£*l -27628 ; 
.'. the present worth of jei-27628 is £\ ; 
.*. principal,or present worth » ^640-262-7-^61*27628 =» ^'501 13s. 3d. 

6. What principal will amount to ^670 Is., at compound interest for 
6 years, at 5 per cent, per annum ? Ans. ^'500. 

7. What principal will amount to «C6325 128., at compound interest 
for 6 years at 4 per cent, per annum ? Ans. ^'5000. 

8. A person is to receive the sum of ^300 six years hence ; what will 
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be its present worth, allowing 5 per cent, per annum compound interest 
on the sum paid? Ana. £22^ 17a. 3^ 

9. A person gives ^'100 for a pipe of wine, containing 50 dozen bot^ 
ties, what does it cost per dozen if he has to keep it 10 years aliowing '5 
per cent, per annum compound interest? . . 

Here the amount of i6l for 1 year =r 1-05 ; .*. the cost of the wine «■ 
i£-100 X l-05i»=«^I00 X 1-6289 «= ^162-89. 

.*. Cost per dozen » ^162-89 -r- 50 »= ^3 5s. Ifd. 

Rule III, — To find the number of years which a given principal, at a 
given rate, will amoant to a given sum. Divide the difference of the 
logarithms of the amount and principal by the logarithm of the amount 
oi£\ for one year. 

10. In how many years will ^8000 amount to i69261, at 5 per cent. ? 
Here the amount ol HI for one year as 1*05; and putting n for the 

number of years required, we have by Rule I., 

8000 X 1'05" «= 9261 ; taking the log. of each side, 
log. 8000 H- » X log. 1-06 «* log. 9261 ; 

.-. n = (log. 9261 — log. 8000) -4- log. 1-06; which proves the rule, 
« (3-9666579 — 3-90309) -J- -0211893 = 3 years. 

11. In how many years will ^250 amount to ^270 88., at 4 per cent, 
per annum, compound interest? Am, 2* 
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82. An annuity is a fixed income payable at equal intervals, such as 
yearly, half-yearly, &c. When an annuity does not commence till a 
given time has elapsed, it is said to be an annuity in reversion. When 
the annuity is not limited to time, such as the income derived from free* 
hdid property, it is called ?l perpetuity. 

Rule I, — To find the amount of an annuity, the payments of which 
are forborn for a given time. Find the amount of one payment at com* 
pound interest for the whole time, the interest being chargeable for the 
interval between the payments; from this subtract the given payment, 
and divide the remainder by the interest of £l for the interval between 
the payments. The general formula is, a = {p (1 -f r)"* — p} -?- b. 

To find the amount of an annuity of ^68, payable yearly, for 4 years, 
at 4 per cent, per annum, compound interest. 

Here the amount of ^1 for 1 year is 1'04. The 1st payment will be 
in baud 3 years, the 2nd 2 years, the 3rd 1 year, and the 4th will not be 
chargeable with interest. Hence we have, by the rule of compound in* 

terest. 

Amount of the 1st payment <« ^8 X 1*04^ 
2nd „ = iJ8 X 1-042 
3rd „ = ^8 X 1-04 
„ 4th „ «^8 

.'. The total amount = 8 (1 + 1-04 + 1-042 + 1043); by Art. 76. 

« 8 (l-04< — 1) -7- -04 = (8 X 1*04* — 8) -r- '04 
s ^33 198. b\&. 
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Here *04 is the interest of ci6l for one year« and 8 X 1*04^ is the 
antount of one payment at compound interest for 4 years ; hence the 
tnle. 

K the annuity is payable half-yeariy, then there will be 8 payments, 
and the amount of ^l for a half-year will be ^1*02. The Ut payment 
will be in hand 7 half-years, the 2nd 6 half-years, and so on ; hence we 
find, as before, 

The total amount » 8 (1 + )-02 + . . . -f 1*027) 

— (8 X 1*028— 8) -^ -02 
»^68 138. 2d. 

Here*02 is the interest of ^1 for a half-year, the interval between the 
payments; and 8 X 1*02^ is the amoant of one payment at compound 
interest for 8 half-years ; hence the general rule. 

1. What will be the amount of an annuity of ^200, payable yearly, for 
6 years, at 5 per cent, per annum compound interest? 

Here the number of payments is 6, the interval between the payments 
is I year, and the interest of c£l for one year is *05, 
.% amnt. of ^£'200 at comp. int. for 6 y. — » ^200 X 1*05« -» ^268*0192, 
.-. amount -« (268*0192 — 200) -J- 06 — ^£'1360 7s. 8d. 

2. What will be the amount of an annuity of ^9, payable yearly, for 
5 years, at 5 per cent, per annum ? Ans. J&49 14s. 7d. 

3. What will be the amount of an annuity of JSIO, payable half-yearly, 
for 4 years at 4 per cent, per annum ? 

Here each payment is ^10 ; the number of payments is 8, the interval 
between the payments being a half-year; and the interest of £l for a 
half-year is '02 ; 

.*. amount of ^10 at comp. int. for 8 y. a^ ^10 X 1*028 . jeii*7]66; 
.*. amount — ^6(11*7166 — 10) -r- '02 — £85 16s. 7d. 

4. What will be the amount of an annuity of £2 10s., payable quar- 
terly, for 4 years, at 4 per cent, per annum ? Aru. iS43 2s. 10^. 

5. A working man, from the age of 21 to 51, had expended £S a year 
in beer; how much would he have saved, had he, year after year, put 
this sum out at 5 per cent, per annum compound interest ? 

Am. ^8531 lOs. 2^6, 

6. Required the same as in the last example, supposing he had ex- 
pended £^ per annum in tobacco. Ans. £199 6$. 3jd. 

RtUe II, To find the present worth of an annuity at compound 
interest. Find, by the last rale, the amount of the annuity for the 
given time, and divide this by the amount of £\ at compound interest 
for the given time. 

7. Find the present worth of an annuity of JSIOO per annum, to be 
continued 7 years, interest at 4 per cent. 

By Rule I., amount annuity » 100 (1*047 — I) -r '04 » ^£789*8294 
Amount of ^1 at comp. int. »» 1*047 » ^1*315932 
that is, the present value of ^1*315932 ^ £\ 

„ Je789*8294 = je789*8294 -7- 1*315932 

« ^600 4s. ifl. 

In order to facilitate these calculations in business. Tables have been 
published giving the present value of an annuity of iSl, from which, the 
present value of any other annuity is found by multiplication- 
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8. Find the present Talae of an annaity of £20 per annnm, to be 
oontinaed 4 years, at 5 per cent. Ans. £T0 ISs. 4|d. 

9. Find the present value of a property held on a lease of which 20 
years are unexpired, and bringing an annual rent profit of ^30, payable 
yearly, compound interest being allowed at 6 per cent, per annum. 

Ans. £'344 Is. ll}d. 

10. Required the same as in the last example, supposing only 10 
years of the lease unexpired. Ans. ciS220 16s. 

11. Find the value of a perpetuity of £^0 a year, at 6 per cent, per 
annum. 

Here, the principal to give £G per an. =» ^100 
„ „ £S0 „ a=i;500. 

12. Find the value of a freehold property yielding a profit rental of 
j£63 a year, at 7 per cent, per annum. Ans. ^900. 

Rule III. To find the present value of an annuity in reversion. Find, 
by Rule II., the present value of the annuity from the present time till 
the end of its continuance ; also find its present value for the time before 
it comes into possession ; and the difference of these will be the present 
value required. 

13. What is the present value of an annuity of £20 a year, to com- 
mence 4 year^ hence, and to continue for the six years succeeding, 
interest at 4 per cent, per annum? 

By Rule II., we find the present value of an annuity olTjSl for 10 
years at 4 percent, to be £8- 110895, and for 4 years to be £3*63 nearly; 
therefore the present value required ■■ £(8*110895 — 3*63) X 20 
»£89 128. 4|d. 

14. What is the present value of an annuity of £100 a year, to com- 
mence 10 years hence, and to continue for the 1 years succeeding, 
interest at 4 per cent, per annum ? Ans. £474 Os. 11^. 

15. Required the same as in Ex. 13, allowing the interest to be at 5 
per cent, per annum. Ans. £83 10s. 3}d. 

16. What is the present value of the reversion of a freehold property 
of £60 per annum, payable yearly, but which does not come into pos- 
session till 8 years hence, compound interest being allowed at 6 per 
cent, per annum ? 

Present value of the property = i of 60 x 100 = £1000. 
By Rule II., we find the present value of an annuity of £60 for 8 
years at 6 per cent, to be £6-2098 X 60, or £372*588; .*. the value of 
the reversion = £1000 — £372*588 =: £627 8s. 3d. 

17. What would be the value of the reversion when the property is 
£30 per annum? Ans. £313 14s. Ijd. 

18. What would be the value of the reversion, in Ex. 16, when the 
interest is taken at 5 per cent, per annum ? Ans. £812 4s. l}d. 

19. What fine must be paid to change into freehold, or into perpe- 
tuity, a lease for 10 years, which has a profit rental of £40 per annum, 
payable yearly, compound interest being allowed at 5 per cent, per 
annum? Ans. £491 2s. 7|d. 

Here the fine must be equal to the difference of the value of the 
property, as a freehold, and the value of an annuity of £40 continued 
for ) years. 

20. What would be the fine, when the interest is taken at 4 per cent 
per annum ? Ans. £676 lis. Sjd. 
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CONTINUED FRACTIONS. 

83. FractioDB, eren when' reduced to their least terms, are often 
expressed in numbers inconveniently hirge; but approximate values of 
them, in smaller numbers, may always be foand by the method of con- 
tinued fractions. An approximate value of a given fraction may be 

readily found as follows: Thus, ^ =s — ea-j- nearly ■» J; again, || 
3B -—J as — Y nearly a* |. In like manner to find an approximate 

value of 3*14; we have, 3*14 » 3^ « Z^; then j^ =r— = ^ nearly: 

therefore 3*14 — 3^ nearly « ^. 

Exercvtet, Find approximate values of the fractions, j^, {jl^, g, ■^^. 

Antwert, ^ft, J, J. ^. 

Let it now be required to reduce the fraction ^ to a continued frac- 
tion, and thereby to obtain a teries of approximate values of the fraction 
each of which approaches more nearly than the one which precedes it to 
the value of the given fraction. 

i?5 ■* TT? " sTl °®*'^y ■■ "A» which is the 2nd approximate value, 

the 1st value being \ found by rejecting )H ; here the \ is found by di- 
viding 75 by 17 and rejecting the remainder. The 3rd approximate 

value is found by substituting a closer value for i)} ; thus 4J » -— ■ a. 

11 
r-j- nearly =■ |; /, ^A or ^ =• JY=* &• The 4th value is found by 

1 1 

substituting a closer value for ^ ; thus ^ -■ -5-r «« r-j- nearly ■» ] ; 

1 
.•.«or4-^- 4|- A; •*• *°T|j = Fl'-fl- And so on to 

other values. The values thus found are ^, <^, £, 1^, which approach 
nearer and nearer to the value of the proposed fraction, also the 1st is 
greater than the proposed fraction, the 2nd less, the 3rd greater, and so 
on alternately greater and less, so that the true value lies between any 
two of these approximate values. These operations conducted according 
to the usual form of continued fractions, are as follows : 

1 1 1 1 

■"3 + ^1^34.^1 "^3 I 1 "3 , 



4 + A 4^_J_ • 44. 



2+f ' 2+ 



2 + * 

Here rejecting the fraction <fj in the first expression, we find, the 1st 

approximate value sa ^; rejecting the fraction J- in the second ex- 

1 
pression, the 2nd approximate value 3= -— - » ^ ; rejecting the fraction 

6 ^ 
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1 

1} in the third expression, the 3rd approximate value 



1 



3 + ^ 3j 

SB ^ ; and so on. 

The partial denominators, 3, 4, 2, 2, 7, are the 75)242(3 
quotients obtained by using the rule given, Art. 225 

15, for finding the greatest common measure, as 

shown in the margin. 17)75(4 

Having found the partial quotients, 3, 4, 2, 2, 7, 68 

and also the first and second values, } and ^, the — 

succeeding values may be readiiy found in the fol- 7)17(2 

lowing manner. Multiply the numerator which &c. 

occupies one place before that sought by the par- 
tial quotient for the latter, and to this product add the numerator two 
places before ; and similarly to find the denominator, multiply the deno- 
minator of the place before by the same partial quotient, and to the pro- 
duct add the denominator two places before. Thus, the Ist and 2nd 
values being } and -j^, and the 3rd partial quotient 2, the 3rd value «? 

A^ o"^ \ ^&* the 4th value « ^?r^^-±-ro -*?? ; andsoon. 
13x2 + 3 *'• 29 X 2 -f 13 '^ 

As a further application of this rule, let it be required to find a series 
of approximate values of the fraction ^jj, 

1 1 

Here the 1st value « J ; the 2nd value = ^-^ "" TT T^^^h =• ? I 

and by Art. 15, we find the partial quotients to be 3, 2, 4, 3, 2 ; then, 

-.u « J 1 2 X 4 + 1 .. .^, , 9x3 + 2 

the 3rd value ■■ ^ . ^ «= 5^5 the 4th value 



7x4 + 3 "' "*• 31x3 + 7 

and the 5th value «= iqo y 2 4- ^^i "^ ^* which is the same as the 
given fraction. 

Exerdzet, Find a series of approximate values of the fractions ; M ; 

Amwer*, i. -ft. * ; J, A. H ! i h 8. iS I i» h h &c- ; 2i. 2^, 2^, 
&c. ; J, J, I, &c. 



OPERATIONS WITH CIRCULATING DECIMALS, ETC. 

, 84>. A repeating decimal may be converted into a fraction, and con- 
versely, by the following method : 

Let a a= -24645 . . . , multiplying by 10, 

10 s =« 2-4545 . . . , multiplying by 100, 

1000 s = 246-45 . . . , subtracting, 

245 — 2 
990 « « 245 — 2, .-. i = ggQ - 

Hence the rule given in Art. 32. And conversely 
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Bi-= A(«P + 8) - A(2 + ^^)- -246. 

Similarly, W-l* + B-24- ^^^ - 2-39. 

This converse rale fails when the addition changes any of the figures 
in the part which does not circulate ; in this case we may proceed as 
follows : 

5432732 . 5432732 . . • 

-99900- ^-^^ -^99- - ^ ^^^^ + ia) - 64-38170. 

Here the division by 999 is much facilitated by the following general 
rule for dividing by a number composed of 9*8. 

732 -^ 999 
432 
5+ 1 



Here as there are three 9*8 in the divisor, we cut 5432 
off three figures from the dividend; we now set 5 

down the quotient figures, thus found, beneath the 
remainder figures, giving 5 for the next quotient; 



170 



this second quotient is set down a» before; and so 5438 

on. The columns are added together, and 1 being 

carried, from the addition of 4 and 7, to the units* column of the 

quotients, we add 1 to the remainder. The true quotient, therefore, is 

is 5438 with the remainder 170. As the divisor 999 is equivalent to 

1000 — 1 , the division of any four figures by 1000 always leaves a 

remainder equal to the quotient ; hence the operation above given. 

85. In certain arithmetical problems it is requisite that the value 
of repeating decimals should be accurately determined. The following 
methods of calculation, it is believed, will be found interesting as well as 
useful. 

For the sake of convenience, for 9999 we shall write 9 . . 9, where the 
number of dots indicate the number of 9*s omitted. 

The repeating figures may be written down any number of times 
without altering the value of the quantity : 

Thus .35 - Ij X iM - l^y - -3535. 
Similarly, -234 — '23434 » &c. 

86. To convert circulating decimals to fractions of the same deno- 
minator. 

• • • • • 

To reduce -423, *31, *2 to fractions of the same denominator. 
• i 423423 .•• 313131 • 2.... 2 

*'"' - 9r::9' ''' = 977779* '^ " 9^779- 

Here the 1st circulate is written down twice, the 2nd thrice, and the 
3rd six times, giving a common denominator of six 9's. The number of 
9's in the common denominator will be the least common multiple (^ 
the numbers of the repeating figures in the respective parts. In this 
example, the numbers of the repeating figures, in the parts, are 3, 2, 1, 
and as the least common multiple of these numbers is 6, there are six 
9's in the denominator. 
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Again, we have for the mixed circulators *31685, '27. 



*31685 



31685685 — 31 31685654 



9 900 



9 900' 



•27 



27272700 
9.. ..900* 



87. To add and sabtract circulating decimals. 

Let it be required to add -326, -23613, '3. Here we 
bring the proposed decimals to fractions having the same 
denominator as explained in Art. 86. Then adding the 
numerators together and transforming the fraction into 
the form of a decimal, Art« 84, we obtain the sum re- 
quired. 



Again, -5623 — -245 » 



5567 — 2430 
9900 



•3168. 



3252522 

2351349 
3333330 

8937201 

9 90 

*8937209 



88. To multiply circulating decimals. 

■ • • • 

Let it be required to multiply *14 by *302. 

4228 4228 



IJX 



99 (1000 — 1) 99000 — y9 

Here the result is given in the form of a vulgar fraction, bat it may 
be readily expressed in the form of a decimal by dividing the product 
of the numerators first by 99 and then by 999, according to the method 
given in Art. 84 : thus 



42 



42 



28 -r- 99 

42 

70 = 4270 



42-707 

42 



•042749 



070 -1- 999 

707 
42 

819 



Here the quotient of the first division is 422g or 42**76. In the second 
operation this quotient is written down as the dividend with the repeat- 
ing figures extended at pleasure, and the number of decimal figures in 
the quotient is the same as the number employed in the dividend. 

Similarly, -'32 X 6141 = i^^ = 1984 -96. 



9, To divide circulating decimals. 

• • • • 

Let it be required to divide '617 by '214. Here by Art. 86, we first 
reduce the decimals to fractions having the same denominator: 



•617 



•6171717 



6171711 



•214 = 



2142140 






•617 -J- -214 = 



c7 ■ • • • t/w tf • • ■ • t/V/ 

6171711 . 2142140 6171711 



9 90 9 90 

Similarly, ^345 -r- '336 = j jjg _^ gjg « l-626i. 

Again, 28-43 -i- 3*27 = 2jJ5 -f. ^V = W- 



2142140* 
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Properties of Diviion and Factori, 

90. Any even number is divisible by 2. A number is divisible by 3 
when the sum of its digits are so (see the properties of 9). A number 
is divisible by 4, when the two last figures are so: thus 1356 ss 13 
X 100 -f 56; where the first part is divisible by 4, because 100 is so; 

but the second part being divisible by 4, therefore the whole is so. 
A number is divisible by 8 when the three last figures are so: thus 7296 
s== 7 X 1000 + 296; where 1000 is divisible by 8, and so on as before. 
A number is not divisible by 5, unless its last figure is or 5. A 
number is divisible by 6, when it is divisible by 3 and when it is even. 

91. If a number be divided into periods of three figures each, 
beginning at the units* place, then the number will be divisible by 7 
when the sums of the alternate periods are equal, or their difference is a 
multiple of 7. Thus 337,568.231 is divisible by 7, where the sum of the 
Ist and 3rd periods is equal to the 2nd period, as shown in the following 
proof : 

337568231 « 337337000 + 231231 — 337 X 1001000 + 231 X 1001. 

Here the proposed number is decomposed into two parts, where 1001, 
which is a factor of the two parts, is divisible by 7 : therefore the sum, 
making up the proposed number, is also divisible by. 7. Moreover any 
multiple of 7 added to or subtracted from any of these periods will 
produce a number also divisible by 7. 



A number is divisible by 9, when the sum of its digits is so; 
thus 378 is divisible by 9, where the sum of the digits is 18 or 2 X 9. 
Moreover, dividing any number by 9 will leave the same remainder as 
dividing the sum of its digits by 9; thus the remainder from dividing 
534 by 9 is three, also the sum of the digits, 12, divided by 9 leaves the 
remainder 3. These properties may be proved in the following manner: 

600 -= 6 X (99 + 1) « 6 X 99 + 5 

30-.3X(9 + l) « 3X9+3 

4-c 4.4 

534 — 6X 99 + 3X94-5 + 3+4 
.% 634 -i- 9 — 6 X 11 + 3 + (5 + 3 + 4) -T- 9, 
where the remainder from the division of the number is equal to the 
remainder from the division of the sum of the digits. When the sum 
of the digits is a multiple of 9 there is no remainder and then the pro- 
posed number is divisible by 9. Hence we have the following properties : 
When two numbers are expressed by the same figures, but differently 
arranged, then their difference will be divisible by 9; thus 523 — 325 
^ 198. Similarly, if from any number the sum of its digits be sub- 
tracted, the remainder will be divisible by 9; thus 357 — 15=* 342. 
Also, if the number composed of the nine digits be multiplied by 9, or 
any multiple of 9 not exceeding 9x9, then the product will be com- 
posed of the »aroe figures except the figure in the tens* place which will 
be ; thus 123 .... 89 X 9 X 4 « 44 . . . 404. 

93. If the sum of the digits in the odd places be equal to the sum 
' of the digits in the even places, or differ by 11 or a multiple of II, then 
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the namber is divisible by 11 . Thas 4312 is divisible by 11, where 2+3 
t-s 5, and 1 -f 4 » 5; also 90827. where 7+8 + 9 

SB 2 X 1 1 + 2, and 2 + 0^2. Proof. la this exam- 3435 x 11 

pie, the sum of the odd digits in the product »« 5 + 3425 

2 + 4 + 3, and the sum of the even digits =» 5 + 2 

+ 4+3; bat these sums are the same. Again, in the 37675 
following example, the digits in the product are 7, 

6 + 7 — 10, 2 + 6 + 1,2; but the sum of the odd 267 X U 

digits 3^7+2 + 6 + 1, and the sum of the even digits 267 

^6 + 7 — 10 + 2; adding 10 to each, these sums 

respectively become 2 + 6 + 7 + 11. and 2 + 6+7, ' 2937 
where the former exceeds the latter by 11. 

94>. The following abbreviated formt of calculation are worthy of 
notice : 

To multiply by 5 : add a cipher to the multiplicand and divide by 2. 
To multiply by 15: add a cipher to the multiplicand ^ and to the renUt 
add half of itself. To multiply by 25 : add two cipher* and divide by 4. 
To multiply by 75: add two ciphers^ and from this result take one-fourth 
of itself. And so on to other factors which are simple fractions of 100, 
1000, &c. 

To multiply by 9 : add a cipher to the multiplicand^ and sttbtract the 
multiplicand. To multiply by a number composed of 9's: add ou many 
ciphers to the multiplicand a* there are 9's in the multiplier and from 
this result subtract the multiplicand : thus 346 X 99 — 346 X (100 — 1) 
» 34600 — 346 » 34254. To multiply by a number such as 698, 
which wants 2 to make it 700: multiply hy 700 and (in this case) 
subtract 2 times the multiplicand. To multiply by 49, or 499, or 4999, 
. . . : add as many ciphers to the multiplicand as there are figures in the 
mtdtiplierf divide hy 2, and subtract the multiplicand. To multiply by 
a number such as 594, where there is a central 9 and the other ^gures 
make up 9 : add 1 to the figure in the hundreds'* place and multiply by 
it, add two ciphers to the product and si*b tract the product itself. 

To divide by 5: double the dividend and cut off one decimal figure. 
To divide by 25: multiply the dividend hy 4 and cut off two decimal 
figures. To divide by 125: multiply the dividend by 8 and cut off three 
decimal figures. To divide by 75 : multiply the dividend by 4 and divide 
the product by 300. And so on to other cases, where the divisor is 
some simple fractional part of 100, 1000, &c. 

To divide by a number a little less than 100, 1000, &c. The rule, in 
this case, is a general form of that given in Art. 84. 

Here the divisor 98 wants 2 to make up 100. We 146-35 :00-+98 

add ciphers at pleasure to the dividend. In the place 292'70 

of adding the quotients to the remainders, as in Art. 5 84 

84, we multiply these quotients by 2, and at last add 10+2 
2 times the number carried from the last column of 



the remainders. As there are four decimal figures in 1*4933 66 
the dividend we mark off the same namber in the 
quotient, so that the result of the division is 1*4933 with the remainder 
66. 
Proof. By Art. 80, the sum of the geometric series, * 
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series is found from the term preceding it by maltiplying by 2 and 
dividing by 100. 

To divide by a number composed of 9*s with any other figure in the 
last place, such as 299 : Increate the last figure by 1 , and add at many 
ciphers to it as there are 9*8 in the divisor ; successively divide by the 
number thus formed and add the results together. 

Here the last figure in the divisor is 2, which in- 84240 -f- 299 

creased by 1 is 3, therefore, we successively divide by 

300, and add the quotients. The operation, in this 280-80 
case, may be carried on without end. As in the fore- *936 

t isj«i<*_L«_i_«,« ^ -00312 &c. 
going proof, we find, _ + ^-^ + ^_ + &c. - — . 

281-7391 
95. The following properties prove the rules of 
construction, given in Art. 77 of the Author*8 " Principles of Arith- 
metic." 

357 X 999 =» 357 (1000 — 1) — 357000 — 357 =- 356643, 

where the three left hand figures in the product are obtained by sub- 
tracting 1 from the multiplicand, and the other figures are supplemental, 
that is, make up nines in the usual manner. Conversely 

3762 =« 3700 + 99 — 37 = 37 X 99 + 99 = 38 X 99 
Again, 76 X 999 « 75 (1000 — 1) = 75000 — 76 = 74925, 
where there is one central 9 with the usual law of nines. Conversely 
42957 = 43000 — 43 = 43 X 999. And so on. 

13,86 -f- 25,74 == 14 X 99 + 26 X 99 = 40 X 99, 
that is, the sum follows the usual law of nines. Again, to subtract 
1265 from 3245, where the figures make up sevens. Adding and 
subtracting 22, we have, 3245 — 1265 = 3245 + 22 — 1265 — 22 
« 3267 — 1287 =« 33 X 99 — 13 X 99 « 20 X 99, that is, the differ- 
ence follows the usual law. 

2475 X 3 = 25 X 99 X 3 = 75 X 99, also 
25974 X 34 — 26 X 999 X 34 « 884 X 999 
where the products follow the usual law of nines. 

13875 X 9 = 138750 — 13875 = 124875. 
where the multiplier is 9, and the multiplicand has a central 8, the 
other figures make up eights in the usual manner, and the product 
follows the law of nines. Hence the product of 13875 by 36 will also 
follow the same law. 
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